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STUDIES ON SOME INTRACELLULAR PARASITES OF THE MARINE BIVALVE 
TELLINA TENUIS (DA COSTA) 
This study is divided into four sections beginning with a 
consideration of the effects of anhitherto undescribed 
coccidian parasite of the ovary of this bivalve on the 
dynamics of a particular population from Kames Bay, Millport, 
Isle of Cumbrae, Scotland. The parasite was found to bring 
about complete or partial castration of female Tellina 
tenuis but had no effect on males. The general biology 
of Tellina-tenuis is reviewed and discussed in relation to 
observations that were carried out over one year on the age 
structure, growth, density, reproduction and degree of 
para, sitization of this bivalve. The population parameters 
were found to have changed little over the last fifty years. 
There was not found to be any significant change in the 
condition index that could be related to the destruction 
of the gonad by the parasite. This is the first description 
of a coccidian parasite of the ovaries of any marine mollusc. 
The second section describes the life cycle and developmental 
stages of the coccidian parasite. The parasite is believed 
to be monoxenous with sporogony and anisogamY orcurring in 
the ovary of the host. Endogenous stages were observed in 
the primary germ cells of the gonadal follicles. A diagnosis 
is presented based on the number of sprozoites per sporocys-t 
and sporocysts per oocyst. The name Mcrocys-tis tellinovum 
(sp. nov. ) is proposed for this coccidian. The gcnus MerocyStis 
belongs to the family Aggregatidac within the sub-order 
5 
Eimeriorina of the order Eucoccidiorida. An ultrastructural. 
study of both sexual and asexual stages is presented in 
support of this diagnosis. 
The third section of this study is an investigation of the 
observation that a large proportion of the Tellina tenuis 
examined histologically contained inclusion bodies within 
the secretory cells of the digestive gland. These inclusions 
were comprised of densc'masses of pleomorphic mycoplasma-like 
organisms. The first part of this section describes the 
morphology and ultrastructure of these organisms and the 
histopathological effects on the host digestive gland. A 
description of the normal digestive gland iss-given including 
observations of the cyclic changes in appearance that take 
place in response to the influence of tidal rhythms. 
This is believed to be the first descr. iption of a mycpplasma- 
like organism from a marine invertebrate. 
The fourth section is concerned with a series of experiments 
to determine the nature of a virus seen in association with 
the mycoplasma-like organism. The virus was isolated from 
the host'cells by density gradient centrifugation and its 
morphology was compared with a second virus isolated by 
Hill (1975) through the medium of a fish cell culture. It 
was found that these tt: o viruses were qjjj. te distinct from 
each other. Attempts were made to propagate both viruses 
in an established cell line from -the Atlantic salmon and 
the results are described and discussed. 
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GENERAL INTRODUCTION 
Tellina tenuis (da Costa) is a common eulamellibranch 
bivalve mollusc found in huge numbers between the tide levels 
on most sheltered sandy beaches of the British Isles. 
Inter-tidal sandy beach communitie,,: dominated by Tellina 
. species are common throughout the world and are characterized 
by low productivity and the long life, slow growth and late 
. 
maturitylof the constituent species. 
Many studies have been carried out in Scotland during the 
last fifty years on the distribution, seasonal growth and 
population dynamics of Tellina tenuis as well as on the 
structure and adaptations of the animal -to its habitat. 
These have shown the far reaching effects that the animals 
have on the physical, chemical and biological environment as 
well as sVggesting general principles applicable to other 
14 
marine bivalves and to benthic marine invertebrate poDulations 
as a whole. Their fundamental importance in the marine food 
chain as an important constituent of the diet of demersal 
fish has been well demonstrated. 
Tellina tenuis, in common with all inter-tidal bivalves, 
carries a heavy load of bacterial, protozoon and metazoan 
symbionts. This aspect of the biology of Tellina has 
previously been neglected5 so that it was decided to study 
this subject and to try to determine the importance of 
parasitism and disease as a factor controlling population 
nUmbers. The availability of baseline data that has been 
collected over a long period of time revealed the basic 
stability of the populitions in the long term despite wide 
fluctuations in numbc-rt, and recruitment that take place from 
year to year. 
SECTION ONE 
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SECTION ONE: Observations on the distribultion, growth 
and reproduction of a population of Tellina 
tenuis at Kames Bay, Millport, with 
particular reference to the effects of a 
coccidian parasite of the ovaries. 
1.1 Introduction 
Tellina tenuis is the overwhelmingly dominant member of the 
sand-dwelling community of animals in the inter-tidal zone 
at Kames Bay, Millport. Many studies have been carried out 
on the distribution, growth, age structure and reproduction 
of this bivalve over the last fifty years and these have been 
facilitated by the accessibility and abundance of the 
population. Dramatic fluctuations in recruitment have been 
seen to take place from year to year and many ingenious 
theories have been erected to explain these oscillations 
including the possible effects of parasitism and disease. 
Following on the discovery of a coccidian parasite (to be 
described in detail in Section Two of the present study) of 
the ovary of Tellina tenuis it was decided to examine one 
Population in detail in order to attempt an assessment of 
this parasite on the reproductive potential of the total 
population. 
1.2 Review of the Literature 
The bivalve mollusc Tellina tenuis (da Costa) belongs to the 
super-family of Tellinacea which belong -zo the order Hetero- 
donta. of the Lamellibranchia. The terminolOgY of Morton and 
Yong'e (1964) is adopted throughout the present study. 
The super-family Tellinacea includes the families Semelidae) 
. Donacidae, Asaphidae and Tellinidae. There are 15 genera 
in 
14 
the family of the Tellinidae and 7 of these belong to the 
genus Tellina (Yonge, 1949). 
Tellina_-'L-enuis is the most common of the 7 species and it is 
-the only inter-tidal representative. The remainder inhabit 
different grades of sandy substrate in the sub-littoral. 
The Lamellibranchia can be found in all soft substrates of the 
seas and have been living thereý virtually-unchanged) since 
Paleozoic times. The shallow-burrowing 'eulamellibranch' 
forms have flourished since the Mesozoic era. Simpson (1953) 
noted that the mean age of living bivalve genera is a remarkable 
78 million years and that the proportion of bivalve genera 
still extant is estimated at 139 out of the total of 423 known 
from the fossil record. This stability is reflected 
in the 
numbers of symbionts, commensals and parasites usually 
found 
in association with bivalve molluscs. 
b) Structure and adaptations of Tellina tenuis 
Feeding 
The structure and adaptations of the Tellinidae are discussed 
in detail by Yonge (1949). He described them as deposit 
feeding Eulamellibranchia. This view has been challenged by 
subsequent authors such as Holmes (1950), Trevallion5(1967) and 
Pohlo (1968), who have shown that the 'eulamellibranchial are 
suspension feeders as-well as bottom feeders. Morton 
(1967) 
describes the Tellinacea as the most adept of buirowing 
bivalves which have become specialised for feeding) on surface 
deposits. This he contrasts with the filter or suspension 
feeding habit of most shallow7burrowing lamcli. ibranchs. 
Trevallion (1971) believes that Tellina tenuis is probably et 
suspension feeder as'well as a deposit feeder as it is 
specialis ed for life in firm sand wa-s'nerd by the tide. 
This 
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habitat harbours l. -, *ttle organic debris for deposit feedcrs 
to browse on. Observations of the gut contCTIts during the 
course of the present study showed that it was packed with 
pennate and centric diatoms of the kind found in the plankton 
thus confirming the suspension feeding habit of Tellina 
Anatomy 
The basic pattern of the anatomy of all bivalves is chracterized 
by the enclosure of the body within a two-piece shell with the 
consequent loss of the head togethcr with the radula, buccal 
mass and associated glands (Morton and Yonge, 1964) The 
role of food catching has passed to the highly developed gills 
or ctenidia which entrap food particle's in mucus rather in 
the manner of a sticky sieve (Tammes and Dral, 1955). The 
ctenidia are paired, each consisting of two plate-like demi- 
b. -anchs hanging in the mantle cavity either side of the foot 
The de. mibranchs are composed of 2 flat lamellae covered in 
rows of cilia. The powerful beating action of the cilia coupled 
with phasic movements of the adductor muscles, pull a strong 
current of water through the inhalant siphon. The main sensory 
organs are to be found at the edge of -the mantle. The mantle 
secretes the shell and two symmetrical mantle flaps enclose 
the whole body. The mantle cavity is relatively laý, ge, in 
Tellina tenuis so that the siphons and foot can be accomodated 
when the valves are closed. Powerful posterior and abterior 
adductor muscles hold the valves tightly together' Text figure 
1 presents a generalized diagram of the ariatoMY of Tellina 
tenuis. 
External features 
The valves of Tellina are ovoid and very flattened. An 
1G 
average specimen is 15 mm long and 10 mm wide but only 3 n1m 
thick. They are thin and smooth with a glossy external 
surface and are variously coloured white, pink, rose red and 
creamy yellow. A feature of the genus is the relatively large 
external ligament which is sufficiently strong that paired 
empty valves are often encountered extended flat on the surface 
of the sand. A study of the structure and method of deposition 
of the shell was made by Trueman (1942). The chief external 
features of Tellina to be seen when the animal is feeding are 
the very long mobile siphons and the narrow blade-like foot 
adapted to burrowing in compacted sand. 
iv) Behaviour 
The position of the animal at low tide has been observed to be 
horizontal with the right valve uppermost. When covered by 
the tide it is believed that the animal assumes an upright 
4 
position (Yonge, 1949; Holme, 1950). and makes vertical 
migrations, coming nearer the surface at high tide. Holme 
describes the inhalant siphon as ranging over the surface of 
the sand, drawing in material lying on or just above the surface 
of the sand. This behaviour has not been observed in the 
present study except in the abnormal conditions of aquaria 
where oxygen concentrations fall to low levels in the bottom 
strata. Trevallion (1971) and Yonge (1949) have reported 
seeing siphons extending 5 cm above the sand surface. 
Trevallion has drawn attention' to the predatory nctivities of 
young plaice which feed on the tips of the siphons of Tellina. 
0) The Tellina community concept 
Communities are societies of organisms with many interactions 
between the individuals (Tait$ 1968). The concept of 
community in relation to tellinids has been discussed Jones 
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(1951) and Thorson (1955). Jones' (1951) description of 
north-cast Atlantic area benthic communities defined the 
boreal shallow sand association as occurring on relatively 
exposed coasts in north-west Europe. The important species 
include Arenicola maritima, Tellina tenuis, Donax vittatus3 
Nephthys caeca and Bathyporeia pelagica. Jones described 
Petersen's (1918) Macoma community as a boreal; shallow mud 
association, common on the more sheltered coasts of north-west 
Europe, in estuaries and in the Baltic. The constituent 
species include Arenicola maritima, Macoma balthica, na 
arenaria, Cardium edule and Corophium volutator. Thorson (1957) 
identifies a number of liso-communities' inhabiting 'level- 
bottom' marine habitats, each of which has a characterizing 
species. He identifies 4 types of 'Tellina habitats'* These 
were defined as shallow water communities inhabiting exposed 
beaches frIOm the tidal zone to a dep-th of 5-10 metres. The 
characterizing genera are Tellina, Donax and Ancilla. The 
substrate is pure, often hard, sand and the characterizing 
species seem to have a long life, slow growth and a rather late 
L-he standing crop thus comprises several genera-11--ions. maturity; 
The Kames Bay Tellina coirimunity, defined by Stephen (1938)ý 
fits Thorson's description of a Boreal Lusitanian (i. e. North- 
Eastern Atlantic and North Sea) Tellina. community. The 
distribution of this type is as follows: 
Danish North Sea Coast 
German North Sea Coast off the mouth of the rivev 
Elbe and off the E. Friesian Islands (Hagmeier, 
1930; Caspers, 1952) 
Scottish West Coast and North Sea Coast 
Rio de Faro sand flats, Portugal (includes Tellina 
incarnata and_A---cropecten bispinosus) 
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Other Tellina communities are (1) the T. distorta/T. donacina 
community of the Mediterranean (Vatova, 1934,35,36ý 49, cited 
in Thorson (1957); (2) the T. tenera community of the New 
England coast and the inshore part of the Texas coast (Hedgpeth, 
1954); and (3) the T. lilacina community from New Zealand 
(Oliver, 1923). Other Tellina com*iiunities exist in other 
parts of the world, for example in Senegal, but no details are 
available. The global distribution 6f Tellina species under- 
. 
lines the relevance of selecting this genus for study since it 
seems likely that principles learned from the intensive study 
of one population may be applicable to similar far flung 
communities. 
Thorson (1950) places T. tenuis with Cardium edule and 
Pummingia tellinoides and 1.1ic sea urchin Echinus esculentus as 
having a four year life cycle and quotes Stephen (1932) as 
showing that even for the four year species such as T. tenuis 
there is considered to be heavy mortality after breeding. 
Subsequent work and observations made during the present study 
have shown that there are in fact at least eight year groups 
in most T. tenuis populations. Stephen's observations on 
heavy mortalitiez post spawning are discussed in 1.4. b of this 
study. 
d) The population ecology of Tellina, age structure, grow-fth 
and density 
The population ecology of tellinids has been the subject of 
considerable investigation over the last fifty years. Studies 
by Ansell and Trevallion (1968ý 1972) on the seasonal growth 
and biochemical cycle of Tellina tenuis and Donax vittatus 
defined certain charactaristics of the seasonal activities of 
bivalves from shallow water. In winter the animals are 
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inactive and gametogenesis proceeds slowly at the expense of 
food reserves until the first spring blooms of phytoplankton. 
At this time growth recommences, food reserves are renewed and 
the gonadal tubules rapidly proliferate until the temperature 
rises above a certain minimum so initiating spawning. Somatic 
growth, spawning and gonad rencwal continue throughout the 
summer in response to available food, tide and weather conditionsý 
Ansell and Trevallion (1967) recorded a marked drop in carbo- 
hydrate levels post-spawning in Donax but not in Tellina. The 
relationship between glycogen levels and gametogenesis has been 
discussed by Gabbott (1975). 
In population studies of Tellina tenuis at Kames Bay, Millporti, 
spanning nearly twenty years, Stephen (1928,1929a and b, 1930, 
1931ý 1932,19335 1938 and 1953) estimated the rate of growth and 
the number of year groups by measurement of shell length rather 
than by counting annual rings. He observed the seasonal. state, 
of the reproductive organs and made a detailed study of the density 
and size distribution at fixed points extending well into the 
sub-littoral. Barnett (1969 and 1971) analysed the length fre- 
quency data of the populations at Kames Bay and Hunterston Sands 
before and after the nuclear powered electricity generating station 
L at Hunterston became operational. He divided the popu'ation up 
into year groups using the probability paper method of Harding 
(1949). The mean lengths of the year groups thus obtained were 
used in the construction of a Ford-Walford plot (Hancock, 1965) 
to show up the differences between the two populations. The 
Hunterston population in the years following the onset of the 
influence of thermal effluent from the power station showed 
higher growth rates than pre-effluent years especially in the 
younger animals. Barnett showed that shell height increased 
in 
proportion to -the cube root of shelý weight. Hunterston shells 
were found 
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to be significantly lighter than those-from Millport for a 
given flesh weight. Thus warm water definitely affected the 
growth rate of Tellina. Trevallion and Ansell (1967) quoting 
AD McIntyre state that shell length frequency modes on a Ford- 
Walford plot for Tellina at Firemore, Loch Ewe, wcre in agreement 
with the figures of Barnett for Kames Bay. 
Stephen (1938) recorded a density of 7,388 m2 at Kames Bay at 
one point. Densities of 4,000 m2 were regularly recorded by 
Clark and Milne (1955) in a survey of inter-tidal fauna of 
several Scottish sea lochs. McIntyre and Elefetheriou (1968) 
recorded densities of 624 m2 at Firemore, Loch Ewe, and 3,750 
m2 at Kames Bay. 
e) Parasitic castration in molluscs 
The presence of certain helminth parasites has been known to 
eliminate or reduce the production of eggs by molluscs. A 
revieýj of this aspect, of parasite induced pathology is given 
in Malek and Cheng (1973). Most of the work that has been 
done in this field relates to the effects of larval trematodes 
on snails. If the larval trematodes are r-. diae then the host's 
gonadal tissues are totally or partially destroyed as a result 
of direct ingestion. Studies by Hurst (1927), Fees (1936)2 
Malek (1952), Coelho (1954), Pan (1965), Etges and Gresso (1965) 
and Sturrock (1967) showed that the number of eggs produced 
by the hermaphrodite 'snail hosts of human infesting schisto- 
somes and other trematodes is-reduced. The presence of 
dendritic sporocysts of Bucephalus spp. in the gonads of the 
American oyster, Crassostrea virginica results in a decrease in 
I 
the number of e, ggs produced (Galtstoff, 19642 Cheng and Burton5 
1965). Malek and Cheng (1973) define parasitic castration as 
the total or partial elimination of gamete formation in hosts 
by parasites. This can be the result of two processeS5 One 
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mechanical and the other physiological. Parasitic castration 
has been suggested as a method to control certain species of 
undesirable molluscs (Cooley, '19625 and Cheng5 1963). 
I 
Wesenburg-Lund (1934) was the first to have reported that 
molluscs parasitized by larval trematodes become abnormally 
large. A review of this phenomenon3 sometimes called 
gigantism, is given by Cheng (1967). He also throws souie C: > 
doubt as to whether enhanced growth involving soft tissues 
actually does occur (Cheng, 1971). 
Sex reversal is another phenomenon associated with parasitic 
castration. Malek and Clieng (1973) reviewed the literature 
relating to sex reversal and found the evidence inconclusive. 
They believed that the only conclusion that can be drawn is 
that the development of secondary sex characteristics i, ', ' 
molluscs is governed by gonadal hormones and if the gonads are 
destrbyed there may be a reduction in the size of the external 
genitalia. 
The enhanced growth of parasitized snails described by Pan 
(1965) has been questioned by Cheng (197111 who found that 0 
greater amounts of calcium were deposited in the shells of 
parasitized snails and that there was no increase in soft 
tissue weight. 
The effect gn shell morphology has been studied by Sturrock 
and Sturrock (19705 1971). No comments relating to shell 
distortion in parasitized pelecypod molluscs could be found. 
Almost all the information relating to the effect on longevity 
relate to species harbouring schistosomes. In all cases the 
longevity was reduced (Pan, 1965). 
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1.3 Materials and Methods 
Description of the habitat. 
Kames Bay (Grid reference 549171 ) is a small sandy bay facing 
sou 
t th and sheltered from the east anc west by rocky prominences. 
The area of the sand at low tide is approximately 11 acres 
(Watkin, 1942). The slope of the beach is remarkably constant 
and the surface is normally flat apa, -t from some build up of 
sand towards High Water Springs. The nature of the sand is 
a. lso constant except around boulders where accumulations of finer, 
, more muddy sediment and organic 
debris collect. These large 
boulders provide useful marks for position fixing on the other- 
wise featureless expanse of sand. The surface of the beach 
below the level of High Water Neap tides is usually wet and 
brackish (Smith, 1955), at low tide owing to the upwelling of 
ground water at the head of the beach. This appears to have a 
significant effect on the distribution o-rL* T. tenuis. 
b) Method of sampling 
Four stations were chosen corresponding with Mean High Water 
Neap tide level (MHWN), Mean Tide level (MTL)ý Mean Low Water 
Neap tide level (I-II. WN) and Mean Low Water Springs tide level 
(MLWS). A transect line of sight taking the south end of Little 
Cumbrae Island wi-ch Holy Island off Arran and Butcher's Rock 
(a prominent bouldcr corresponding with MLWN) (Plate 4) was 
adopted. Samples were taken 10 metres either side of this line. 
This transect corresýponds with that adopted by Elmhirst (3.931)ý 
Stephen (1928) and Watkin (1942). At each of the stations a 
galvanised iron square of sides 25. mm was pushed into the sand 
and the resulting block excavated and sieved through a2 mm 
sieve. The bivalves wore transferred to labelled Kilner jars 
containing sea water and transported back to the laboratory. 
23 
Considerable difficulty was experienced in taking an accurate 
sample at the early stages of the survey as the amount of 
surface water seeping into the hole caused by the excavation 
would entrain Tellina from the surrounding area thus giving 
artificially high counts. The method used by Watkin (1942) of 
di, gging drainage channels and pools around the sample area to 
carry off surface water was adopted during this survey. Under 
ideal circumstances samples should have been taken from a minimum 
1/10th cubic metre with transportation of the cube to the 
laboratory for careful sieving through a 0.5 mm sieve. The unit 
of 1/16th metre was adopted for exped-Jency since the survey was 
carried out single-handed b 
of Tellina captured coupled 
encountered justified using 
and Stephen (1928) employed 
then multiplied by a factor 
square-metre. 
Sub-sampling 
at it was found that the large numbers 
with the uniform conditions 
the smaller unit. Watkin (1942) 
a unit of 1 square foot which they 
of 10.7638 to give them numbers per 
The high densities of 2,000+ Tellina per square metre encountered 
below MTL necessitated sub-sampling. The method adopted was 
to number each individual from each sample by laying the entire 
catch for each month on a glass sheet overlying squared paper 
using one numbered square per individual. A table of random 
numbers (Fisher and Yates, 1963) was consulted so that a sub- 
-ample of 30 individuals could be selected from each group. 
d) Processing of samples 
In the laboratory individuals were. first measured using a 
micrometer caliper gauge and then weighed. The first large 
sample taken was measuvcd for length, width and thickness of 
shell and 
I 
these measurements correlat. ed with whole weight5 wet 
I 
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flesh weight, dry flesh weight and shell weight to find the 
best correlation coefficient. In measuring wet flesh waight5 
the soft tissues were removed, blotted once each side on filter 
paper and w--ighed on aluminium foil. The tissues were then 
dried in an oven at 85 0C for three weeks and re-weighed. Shell 
weight was measured by carefully removing all soft tissues and 
air drying before weighing. At the time of removal of tissues 
from the shell the animals were examined under a dissecting 
microscope for sex and the presence of coccidia in the ovary 
and scaled as follows: 
1. no parasites 
2. lightly parasitized (25% parasites; 75% eggs) 
3. medium parasitization (50% parasites; 50% eggs) 
4. heavy parasitization (75% parasites; 25% eggs) 
5. totally parasitized (no eggs). 
The sex and degree of maturity of the individual and an 
estimate of the number of digenean metacercaria in the mantle 
cavity were also recorded. 
e) Methods of determining dondition 
The collected data were recorded (cf. appendix, pages163-182) 
and transferred to punched cards for computer processing. 
After transforming to natural base logarithms the regression 
of wet flesh weight on length was calculated for each sampling 
position on each date for the months of April, JulY5 October, 
December 1974 and January 1975. Pooling of all the data gave 
a common regression equation of: 
log W 3.278 log L+1.543 
where W wet flesh weight in mg and L length in mm. 
In order to determine the condition of both parasitized and 
non-parasitized individuals a length of 15 mm was taken as 
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representing a standard animal and the regression constant for 
each group applied (Table 2 
f) Method of determining age structure 
The age composition of the population was determined by the 
method described by Harding (1949) and modified by Cassie (19')l) 
for separating a polymodal lengt1i frequency histogram into a 
series of constituent normal distribuýions by the use of 
probability paper. It was riot possible to distinguish clearly 
growth rings in Tellina. 
g) Method of determining growth rate 
Growth rates were estimated by following monthl.. v changes in the 
position of the modes of the length frequency hi stograms 
constructed from, samples taken at the beginning, middle and end 
of the growing season (rigures 2-5 ). 
q 
1.4 Observations and Results 
a) Age and growth rate estimates at different levels on the 
beach 
Haskin (1954) has reviewed methods of measuring growth rates in 
bivalves. There are three basic methods: 
1. measuring-the distance between successive winter rings; 
2. marking measured animals and re-measuring at frequent 
intervals; 
3. following the shift in the size frequency peaks 
corresponding Lo different age Zroups per unit time. 
The last method has been employed in the present study owing to 
the impossibility of measuring growth rings and the difficulties 
involved in mark and reL! apture experiments. 
Percentage length frequency histograms are presentied on pages 
ý)1-341 (Figures, 2.3,4 & 5). , These have been plotted 
for the 
I 
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months of April, 'July, October 1974 and Janudry 1975 for the 
sampling stations corresponding to the levels of YIHWN, MTL, 
MLWN and. MLWS. A smoothed length frequency histogram is given 
for December 1974 at the Mean Tide level only (Figure 3 ). 
These histograms illustrate general trends in the growth rate 
of Tellina at' different levels on the beach. 
At MLWS in, April (the start of the growing season) modes at 
10,12 and 14 mm are marked. 
station below 7 mm in length. 
No Tellina were taken at this 
By July the 10 mm peak had 
moved to 12 mm. and'the 12 mm. to 14 mm representing a net increase 
in length of 2 mm for both these age groups in the first half 
. of the summer. The October sample at MLWS shows the emergence 
of a mode alt 5 mm and the January histogram shows modes at 6.9, 
11,13 and 17 mm. These are believed to correspond to 2+, 3+, ) 
4+5 54. and 7+ year groups and thbs match the major peaks of 5, 
9ý 12 and 14 m: m measured at Firemore Bay, Loch Ewe (Trevallion 
and Ansell, 1967) in April. It appears that a 6+ year group 
from the population at Kames Bay. is missing 
At the next higher sampling site, corresponding with YILWNý a 
greater growth rate is found. Marked peaks at 11-5. ) 15.5 and 
13 in April become peaks at 12,111ý 16 and 18 bY tTulY- It 
is 
believed that the modes have shifted from 9 to 12 mm and from 
11.5 to 14 repressnting a net increase in length of 3 rim and 2.5 
n. m for the 3+. and 4+ year groups respectively. 
The October histograms for this site (MLWN) mirror those of 
MLWS. by the appearance of a mode representing the first appearance 
of the previous year's spat in the'samples. 
Growth rates at MTL cary be. estimated from well marked modes alt 
89 105 129 15 and 18 in lipril. By the end of the 6 month 
F 
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growing season these modes had become 7ý llý 13ý 15 and 17 
indicating that growth of the year groups was as follows: 
Mode Mode 
April October Year of origin Year group Increment 
(mm) (mm) 
3 7 1972 1+ 4 mm 
8 11 1971 2+ 3 mm 
. 10 13 1970. 3+ 3 mm 
12 15 1969 4+ 3 mm 
15 17 1968 5+ 2 mm 
- - 1967 6+ - 
18 1966 7+ 
Figure 6 represents a length 
plotted on probability paper 
modified by Cassie (1950). 
the analysis of polymodal fr, 
sample colleCt-ed in December 
of th-ýs plot. 
frequency diagram for a sample 
using the method of Harding (1949) 
This is a useful method for 
aquency distributions. The large 
1974 was used in the construction 
The following modes were found: 
Standard Year of 
Mode deviation oriain 
5 
8 
11.3 
12.7 
16.0 
17.7 
1i1 
1.0 
1.0 
1.0 
1.0 
1973 
1972 
1971 
1970 
1969 
1968 
1967 
Year 
Group 
1+ 
2+ 
3+ 
4+ 
5+ 
6+ 
7+ 
The 1969 year group appears to be missing from the sample. 
'The method of sampling failed to. capture the spatfall from the 
summer. of 1974. These would be expected to appear as a mode 
of 1-2 mm, in December. Subsequent sampling in 1975 and 1976 
showed that spatfall had indeed taken place in the summer of 
1974 and appeared to be average. 
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From the modes of the histograms (Figures 2 to 5) and an analysis 
of the Harding Plot for December the greatest difference in 
growth rateappeared to be between Mean Tide level and Mean Low 
Water Springs. The modes in October 1974 were as follows: 
Year of origin: 1+ 2+ 3+ 4+ 54. 6+ 7+ 
MWLS - 6 9 11 13 and 17 -mm (October) 
MTL - 7 11 -13 ' 15 and 17 mm (October) 
MTL 5 8 11.3 12.7 16 17.7 (December, 
Harding Plot) 
At first sight this appeared surprising because the popu ation 
at MLWS has more time available for feeding as they are covered 
by the tide for longer periods. *Against this, the mean density 
(Table 1) was found to be 928 individuals per'square metre at 
MTL as against 1,854 per square metre at MLWS so that inter- 
specific competition for available food would be halved. 
b) The effects of parasitic castration by the coccidian on the 
condition index of parasitized and non-parasitized females 
relative to males 
In view of the fact that parasitic castraTion has been shown to 
cause gigantism in snails parasitized by trematodes it was 
decided to assess whether or not the presence of the parasite 
at levels of 75% parasites to 25% eggs up to 100% parasitization 
(i. e. heavily parasitized) were significantly different in 
weight of shell, weight of wet flesh and weight of dried flesh 
than females with under 25% parasites and males. 
The method of Ansell and Trevallion and Ansell and Lander (1967) 
was adopted and the regression of the logarithm of total weight 
on the logarithm of length was calculated for each sample and 
the weight corresponding to an animal of 15 mm in length 
calculated from the appropriate equation. Values for the 
0 
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constants of each regrcssion for the months of April, JulY5 
October, December and January are givcn in Table 2- These 
months were chosen as they correspond with the beginning of the 
growing season, the peak spawning period, the end of the growing 
season and the over-wintering period. 
The figures of wet weight and whole weight are approximately 
25% higher than Ansell and Trevallion's (1967) figures for 
Tellina from Kames Bay. The seasonal fluctuations follow the 
same pattern. The total weight was calculated from combined 
shell weights and wet flesh weights. Wet flesh weight reached 
a maximum in July and fell by 37% to a minimum in October post- 
spawning. No significant difference could be aetectcd between 
parasitized and non-parasitize d females and males. Ansell and 
Trevallion calculated the wet weight of soft t issues for males 
and females and found females to be sligbtly heavier but no 
statistical significance was attached to this. This was not 
reflected in dry flesh weight. 
It must be concluded that the presence of the coccidian does 
not significantly affect growth or body weight in Tellina. 
c) -Reproduction 
in Tell-'Lna tenuis 
Anatomy 
The reproductive'system of Tellina tenuis observed by monthly 
histological examination consisted of a Mass of tubules (Plate 
6) covering the digestivu gland which, according to their state 
of development., ramified outwards and downwards from the region 
of the heart. The sexes could be distinguished by the colour 
of the gonad in fertile specimens. The testis appeared as a 
compact yellow-white multilobed structure on either side of the 
visceral mass, almost covering the dark brown d4jgestive fTland. 
TEXT FIGURE 1 
ve 
W-1 
30 
Tellin-a tenuiq, drawing, of a clea-rý, -d ý. uid stained sp-: ýcilrell 
(x 5) 
(after Yonge, 1949). LM, P1.1, lonpitudinal and muscles of 
the rrantle edge; SP, s: tphonal vetriýiciccr; , Tr, stumacij; VE, ventricle 
VG; visceral gmglion. AlijTentc-iry carial indicatcd by dotted lines. 
OD 
AA 
-M 
-P 
WC 
ID i L, 
]Right shell valve and mant. ]Ie lohe mTroved. AA, alitorior adduct, -, r; 
GI, cruciforvý muscle; ES, exhalant siphon; F, foot; ID, inner deTrd- 
branch; IL, inner, lobe of Trantl(.,! ed,,, -ct IS$ irthalcmt siphon; LP, 
labial. palp; M, IroLM-1i; IT, irumtle fold; ML5 T. -Jiddle, lobe of iýLlritR, 
edge, OD; outer demibranch; OL, outer lobe; P, periost-racun; PA, 
posterior adductor; IIC,, Waste canal. Arrvws indicate the dirxiction 
of ciliary currents. 
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Kames Bay Telling tenuis survey 1974-1975 
Table 1: Densities per square metre (Stephen's equivalent 
in brackets for 1926-27) ýased on samples 1/16th 
M2 (against Stephen's 1 s foot samples). q. 
MHWN MTL MLWN MLWS 
April 496(398) 25352(807) 25464(12506) 2ý096(21679) 
May 416( - 2,080( - 25080( - 1ý696( 
June' 1040152) 912(861) 15584(1ý960) 25592(1,979) 
July 272( - 384( - 21048( 880( 
August 80(538) 464(15097) 1ý952(2. ý313) 1,088(2,238) 
September 336(355) 1. ý185(5L[8) 25288(1ý269) 1:, 
056(21206) 
October 368(258) 1ý072(828) 624(12392) 25992(25055) 
November 160( - 560( - 1,392( - 2ý304( - 
December 708( - 
Januaýy 352(495) 400(592) 928(15700) 15920( - 
February 400( - 80( -) 992( -) 15680( - 
March No sample 944( -) 25800( -) 25096( - 
Means 298 416 928 788 
Standard 
Deviation +140 +101 +683 +lqg 
1,7111 1,695 
+693 +394 
1,854 25231 
+663 +272 
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Kames Bay Tellina tenuis survey 1974-1975 
Table 3: Percentage of each'sex measured at five times in 
the year including the percentage of females 
parasitized with coccidia assessed as either lightý 
medium or heavy. 
April July' October December January 
Total number 
sampled 85 85 90 177 85 
% Light par. 30.0 7 63.3 37.30 22.5 
% Medium ar. p 42.2 18 9.1 35.82 35.0 
Heavy par. 35.4 75 27.27 26.86 42.5 
% Total Females 41.88 46.5 38'. 8 44.3 33.75 
% Total Males 46.74 44.5 15.3 20.53 30.50' 
Total Neuter 11.3C 9.0 45.9 35,17 35,75 
% Females (corr. ) 51.62 47.57 61.75, -' 61.88* 51.62 
Males (corr. ) 48.37 52.43 38.25 31.12 48.37 
Note: 
The corrected ratio of males to females is based on the 
assumption that half of the neuters will. differentiate to 
become male and half femalc. 
The high proportion of females relative to males in October 
and December was due to an artificially high percentage of 
males being classified as ne. uter owing to the cryptic 
nature of the male gonad after spawning. 
TABLE THREE 
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The ovary was more translucent and grey. Individual ova could 
I 
be seen under a 10 X hand leris, each enclosed within a 
gelatinous mucopolysaccharide capsule (Plates 23,29 Histo- 
logical sections showed that in mature specimens the gonads 
extended ventrally into the foot as far as the pedal ganglion, 
surrounded the alimentary canal and penetrated between the lobes 
of the digestive gland. The tube shaped gonadal follicles 
opened via a pair of short gonoducts into the inner dorsal pallial 
cavities. 
Histological observations of. approximately 11200 Tellina tenuis 
from Kames Bay, Loch Ewe and West Sands5 St. Andrews throughout 
one year showed that this is a gonochoristic species, i. e. 
individuals are either all males or all female. No herma- 
phrodites were found although on a number of occasions the 
presence of oocysts of the coccidian parasite of the ovaries 
in the gonadal follicles of immature i,, iale Tellina during 
December and January strongly suggested that previously female 
animals were redifferentiating as males. Further experimental 
work is necessary to back up this circumstantial -evidence in 
order to establish whether sex reversal does take place at the 
end of each breeding season. 
Maturation of the gametes 
Primary germ cells lining the gonadal follicles developed into 
oogonia which grew towards the lumen of the follicles. The 
oogonia. developed into oocytes recognizable by thcir large size, 
darkly staining granular cytoplasm and an enlarging vesicular 0 
nucleus. The oocytes were attached to the walls over a large 
area in the early stages Of their development. As they 
developed they extended towards the centre of the follicle 
becoming oblong5 piriform and connected to the follicle wall by 
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a slender stalk. New oogonia were continuously developed 
- between the ripening oocytes from the primary germ cells and 
could be recognized by their 1'ess densely staining cytoplasm 
and a round nucleus wi I th a distinctive staining nuclcolus 
(Plate 12). 
The coccidian endogenous stages were restricted to the primary 
germ cells. It appeared that c'ells that escaped penetratic,, 
long enough to become oogonia were thereafter refractory to the 
parasite trophozoites. Germ cells containing the parasite were 
often observed detached from the follicle walls and floating free 
in the lumen of the gonadal tubules. A detailed description of 
the endogenous and exogenous stages of, the coccidian are given 
in Section 2.4(a) of the present study. 
I 
The sperm, in common with amphincurans, archaeogastropods, other 
bivalves and most cephalopods (Fretter and Graham5 1963) having 
exterdal fertilization, possessed spherical masses of mitO- 
chondria clustered around the posterior end of the head. There 
was a thin covering of cytoplasm around the tail and the head 
was distinctly corkscrew shaped. The sperms of T. fabula were 
observed to have a much heavier 'pitch' to the corkscrew than 
those of T. tenuis. 
iii) The ratio of the sexes 
From each sample collected at four different heights on the 
beach at Kames Bay in Api:, il, July, Octobev: December and January 
sub-samples were taken by the method outlined in 1.3(c). The 
sex of each individual-and the degree of maturity of the gonads 
were established. At the same time the degree of parasitizzation 
by the coccidian M. tellinovum was measured. Table, 3 sets out 
I 
the results. 
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It was found that. a ratio of approximately 1: 1 existed between 
the sexes. In October 45.9% of the bivalves were undifferent- 
iated sexually. It is believed'that spawning is completed by 
September (Stephen, 1938, Watkin, 1942, Ansell and Trevallion, 
196 7). 
The preponderance of females over males in the winter months is 
atiributed to sampling error. 'It in always easier to determine 
females because of the presence of the coccidian oocysts in the 
einpty follicles. These show up clearly through the membranes 
of the ovarian follicles indicating that the host was female 
whereas spent males, unparasitized females and sexually 
undifferentiated individuals T,., ere hard to se. --, and tended to'be 
lumped together as neu-Cers. This resulted in an artificially 
high number of individuals being classified as neuter and for 
this reason the winter figures show a ratio of females to males 
of 3: 2. A corrected ratio based on the assumption that half the 
neuters will become male and half female is given at the 
foot of 
table 3. 
A far higher ratio of young (2+ age group) Tellina were male C., C) 
thap female suggcsting that the species is protandrous. 
iv) Spawning 
Females were found to contain mature ova from May to September. 
It appeared most likely that the annual reproductive cycle was 
-et off by temperature fluctuations in spring or early summer. 
The spawning trigger is believed to be a combination of thermal., 
mechanical and hormonal stimuli acting at different times at 
different levels on the beach. The chief stimulus is believed 
to be . lunar periodicity (Fretter and Graham,, 1963). 
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Histological observat4 Lons on the gonads of more than 15200 
-individuals suggested that each individual spawns for short 
periods over the whole breeding season. 
d) Density of the population 
Table 1 gives the number of Tellina tenuis per square metre 
based on samplings of 1/16th square metre for 12 months from 
April 1974 to March 1975. Stephen's (1926-7) equivalents are 
given in brackets. 
The mean values show that the population has changed little 
since the work of Stephen. The density of individuals per 
square metre falls progressivel, y from a maximum at MLWN to zero 
above MHWN tide mark. It is believed that numbers fall off in 
a like manner below the MLWN level to a depth of about 5 metres 
below MLWS (Clark and Milne, 1955). 
q 
e) The seasonal pattern of parasitization by the coccidian 
The degree of parasitization, of the ovaries was based-on an 
assessment of the ratio of coccidian oocysts to mature ova in 
the gonadal follicles. The coccidian oocysts stood out under 
the low power of the dissecting microscop, ýý by virtue of the 
refractile nature of their contents (Plates 6-9). 
Table3 sets out the ratios of light, med-u-n and heavily 
parasitized Tellina throughout the year. It was found that the 
percentage of heavily parasitized individuals rose to a peak in 
July when 75% of the females were categorized as heavily 
parasitized a's against . 7% lightly so. By the end of the 
spawning season in October it was found that 63% of the females 
were'lightly parasitized and only 27% heavily so. This 
suggested that a large proportion of the coccidian oocysts were 
I 
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shed at the peak sp, 3wning period in late July and August. 
The ratios of the percentage of light, medium and heavy 
categories were approximately even throughout the winter and 
spring. During the winter approximately 300 Tellina tenuis 
were examined in detail for signs of parasitization. It was 
found that approximately one third of the population were female 
and contained the parasite, one third were male and one third 
were undifferentiated. Thus the coccidian appeared to survive 
oVerwintering in females not undergoing sex reversal. In the 
spring the number of coccidia mirrored the increase in maturing 
ova reaching a peak in July. 
1.5 Discussion 
a) Age structure and growth rate 
Barnett (1971) followed the age composition of Tellina at Kames 
Bay aný at the neighbouring beach of Hunterston. He plotted 
length frequency diagrams for each month and followed the monthly 
changes in the position of the modes. He found that consider-able 
overlap takcs place in the length frequencies of different year 
groups but by separating the polymodal length frequency histo- 
grams into a series of constituent normal distributions using 
the probability paper method the mean sizes of each of the younger 
groups could be estimated. Barnett noted that it was almost 
impossible to use the method with the older year groups since 
these were not well separated. 
He calculated the growth rate using the estimated mean lengths 
for year groups in the early winter of each year after growth 
had stopped. These, heýcalled*the mean specific growth rateS5 
be-ing the increase in length (mm) per unit length (1 mm) per 
unit time (i year). He found that Tellina reached a mean 
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length of 3 to 4 mm by their second winter. Shell length 
increased in proportion to the cube root of shell weight. 
An analysis of a Ford-Walford plot Glancocký 1965) for a 
population of Tellina tenuis at Firemore, Loch Ewe (Trevallion 
and Ansell, 1967j showed that shell length frequency modes were: 
3. ) 6.22 9.3ý 12.22 13.9 and 15.3. These were believed to 
represent respectively 1+, 2+5 3+2 4+, 3 5+ and 6+ year groups, 
The intercept of the 45 degree slope was 18 mm. This data 
agrees with'Barnett's assessment of size lengths at the end of 
the growing season, however, the theoretical maximum of 18 mm 
length does not correspond with the observed lengths of many 
Tellina at Kames Bay which were over 20 mm in lcngth. 
Stephen's (1932) assessment of the rate of growth differed from 
Barnett (1972) and Ansell and Trevallion (1970) in one 
fundamental respect. Stephen noted the presence of a3 mm mode 
in Apr*il 1927 which constituted 80% Of the population at MLWS. 
This mode moved to 5 mm by June and at the end of the growing 
season had doubled in length to 6 mm. He states that "at 
L. W. M. in Kames Bay in October, 1927 theee were four year groups 
represented in the population, namely the spat of 1927 (0+ group), 
mostly 3 to 4 mm; the 1926 spat (1+ group), ranged around 7 mm; 
the missing 1925 spat (2+ group), which would have ranged around 
9 mm.; and lastly the 1924 spat (3+ group) ranged around 11 mm. 
There may,, of course, be a few representatives of older groups, 
but, if present, they form a very insignificant part of the 
population". 
The modern interpretation of the age structure of the population 
of Tellina at Kames Bay using the probability paper method of 
polymodal frequency analysis -a method that wa; 3 not available 
to Stephen - shows that he differed by a year il 11is assessment 
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of the age groupp., According to post-war workers the 3-4 mm 
group in April is actually a 1+ group and not 0+. 
Watkin**(1942), working on the same population 9 years later2 
makes the same assessment of growth rate as Stephen. fie sampled 
in March and April only and ascribed the 3 mm mode he observed 
in April as belonging to the previous year spat. 
It seems that Stephen's and Watkin's interpretation of the data 
was based on the observation made by Stephen that no specimens 
of Tellina tenuis passing the 2 min sieve were retained by the 1 min 
sieve during the winter months. We are left with the puzzling 
observation that large numbers of 1 to 2 mm Tellina spat were 
found in August and October but none at all during the winter 
months. Stephen sampled with a1 mm sieve in August and found 
that by October this spat had spread in large numbers from below 
the low water mark up to the mean tide level, noticeably 
diminishing in numbers in the higher levels. These were 
individuals still between 1 to 2 mm in length in October when 
growth normally ceases. 
It is hard to understand why both Stephen and Watkin believed 
that the spat of 1 mm. length grew to 3 mm. over the winter. There 
is no doubt that -they both observed large numbcrs of recently 
settled spat having a mode at 1 mm in October. From this it 
must be assumed that they accepted that spat of 1 mm in October, 
would grow to 3 mm, by April. For example, Watkin found three 
well defined modes in April at 3,10 and 13 mm with an -J-11- 
defined mode, at 6 mm, indicating to him the presence of four year 
groups which he described as 0+, 1+$ 2+ and 3+. He found that 
the mode at 3 mm (representing, he believed, the previous year's 
spatfall) "is well markod a-,,. - the low water stations$ much mCX,, Fý 
so than the upper stations". The mode changed to 4 mm in the 
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upper stations "-indicating a more rapid growth in the high 
water stations where the population is considerably less". 
As a mode at 1-2 mm was absent in April it must be concluded 
that either the spat had grown to 3 mm (or even 4 mm) over the 
winter or they had been killed off in an epizootic in November. 
Both suggestions seem unlikely because somatic growth ceases 
in the winter and the large nu*mber of spat recorded would surely 
be evident in the winter sample as dead shells. 
This anomaly has not been commented on by subsequent workers in 
the field despite the fact that Stephen's and Watkin's work is 
invariably referred to in any ecological study of Tellina tenuis. 
The present study confirms the observations of Stephen and 
Uatkin that at higher levels on the shore growth rate is faster 
and older broods dominate in the composition of the population, 
as evidenced b: i the pattern of modal distribution throughout the. 
year at the 4 stations sampled. The population is less dense 
so that it may be imagined that the reason for greater growth 
relates to less iritraspecific competition for available food. 
This theory was first advanced by Stephen. The effects Of 
siphonal predation by Pleuronectes platessa will also be more 
marked at lower levels. on the beach and this would be bound -to 
be reflected in growth rate (Trevallion, Steele and Edwards, 
(1970), Trevallion and Ansell (1971), Trevallion et al (1973). 
b) Reproduction and spawning 
The long spawning season of Tellina results in the appearance 
of spat throughout the breeding s- eason from early June to 
October. 
The failure of recruitr. snt in any one year has usually been 
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attributed to the weather conditions prevailing at the time of 
-spatfall. An offshore wind at the critical time of settlement 
would tend to blow the spat out to sea. For complete failure 
of recruitment in any one year it would be necessary to postulate 
gales from the north for a large part of the summer. However, 
the prevailing currents and winds at Millport are both from the 
south west. From these facts it seems more likely that factors 
other than weather may be more important in determining recruit- 
ment in any one year. It is not impossible to imagine, 
however difficult to prove, that the observed destruction of 
the reproductive potential of a large number of females by the 
coccidian parasite coupled with unusually high mortalities from 
disease, predation and adverse climatic conditions over the 
winter could bring about failure of recruitment and the loss of 
a complete year class. 
c) Density Of POPUlatLOn 
Stephen (1930), by sampling 1/4 square metre areas within a few 
yards of each other at St. Andrews, showed that considerable 
variation exists in populations at any one place. Holme (1949) 
thought it possible that there may have been differences in 
drainage or'other conditions between Stephen's quadrats which 
might account for the-observed aggregations. 
The coefficient of dispersion (Salt and Hollick, 1964) was not 
measured in this present study but repeated sampling at Kames 
Bay and St. Andrews suggested that a significant degree of 
aggregation was the case at least at high densities.. The 
extreme. patchiness of the populations is a feature already 
commented upon. 
d) Parasitic castraticn 
Parasitic castration is often accompanied by prolonged life, 
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gigantism or both. This parasite induced -syndrome has been 
reviewed by Cheng (1971) and Kuris (1974). The effect of the 
coccidian was not truly castratory in that the gonad was not 
permanently destroyed. Nevertheless, the use of the term may 
be justified in that the reproductive potential of a high 
proportion of females, each having the potentiality to produce 
approximately 1x 107 eggs in one spawning season, was largely 
destroyed by the effects of the parasite. 
Parasitic castration in other species of mollusc has been caused 
not only by the ovopha'gous habit of some parasites but also by 
pressure induced atrophy and hormonal effects amounting to sex 
reversal in some dioecious species. Rothschild (1936) 1938 a 
and b, 1941 a and b) and Lysaght (1941) observed that a high 
percentage of giant forms of Peringia were infected with larval 
trematodes which may bring about partial or complete destruction 
of the gonads. It was suggested that the unusual growth rate 
was either due to gonad destruction or compounds from the 
parasite. Boettger (1952, cited in Pearre, 1975) suggested a 
hormonal deficiency might be a possibility as the time of gonad 
ripening in some gastropods produced a decreased growth rate. 
Some host gastropods showed real gains in body weight and in 
others initial gains were followed by stunting (Pan, 1965), 
while some gained only in shell weight (Cheng5 1967). 
It is considered that ýhe effects4of the coccidian might not be 
wholly deleterious to the population for the following reasons: 
1) Heavily parasitized individuals were not significantly 
lighter than their non-parasitized sisters and thus were 
not measurably affected by the presence of the coccidian. 
2) The heavy mortalities thought to take place post spawning 
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amongst first-time spawners owing to the metabolic demands 
of gonad. production might be avoided in castrated females. 
3) Older, larger individuals have a higher reproductive 
potential and are less susceptible to predation than younger, 
thinner shelled Tellina. 
A large proportion of the available energy budget of mature 
Tellina has to go into gonad production. The attack by the 
coccidian trophozoites on the primary germ cells was observed 
to arrest development of a large proportion of the host oocytes 
before energetically expensive yolk production began. This 
would leave a surplus of energy funds which, If not dissipated 
on humoral defence mechanisms, could be reinvested in glycogen 
storage and shell construction thus increasing the survival 
chances of over-wintering Teilina. Thus the presence of the 
coccidian could indirectly help first-time spawners to over- 
winter-by allowing a build-up of reserves and removing the 
spawning stress known to cause heavy mortalities in most 
lamellibranch populations. The condition index of males, 
lightly parasitized females and heavily parasitized females was 
not significantly different throughout the year. All categories C> 
showed the seasonal changes in weight noted by Ansell and 
Trevallion (1967) but no differences could be detected in weight 
between these three categories. (Table 4). 
Kuris (1974) believes that parasitic castration may be an 
important component of population regulation systems for many 
marine organisms. He listed coccidians5 digenean trematodesý 
I 
metacercarlac, dinoflagellates, nematomorphs, ellobiopsids, 
fecampid turbellarians, fungi and cestodes as sometime parasitic 
castrators and cited numerous examples from both vertebrates 
and invertebrates. 
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e) Fluctuations in numbers and fadtors aff:! cting spat settlement 
Coe (1956) analysed fluctuations in numbers of populations of 
marine invertebrates including the Pismo clam (Tivela stultorum) 
and the bean clam (Donax gouldii). Donax gouldii was recorded 
at densities of 20,000 per square metre in the inter-tidal zone 
at La Jolla, California. Approximately half the population 
died after spawning one year after +hese densities were recorded. 
In the following year mortalities increased as soon as spawning 
began until by the end of the year no individuals remained alive. 
Miles of sandy beaches thickly strewn with empty shells "bore 
vivid testimony as to what had occurred". It was presumed that 
mortalities had been caused by a protozoan parasite. This cycle 
had been reported on several times in the past and is an extreme 
example of the common phenomenon of resurgence in littoral 
populations. The explanation of this phenomenon is believed 
to be due to chance combinations of conditions of wind, temper- 
ature and tides. A favourable current could bring swarms of 
larvae to a beach at the exact time of transformation and settle- 
ment. Adverse currents have evidently been the cause of the 
complete failure of many sedentary marine invertebrates to re- 
establish themselves in formerly populous localities. The 
reproductive strategy of most marine invertebrates including 
Tellina is such that relatively few individuals can produce a 
maximum population in a single generation given favourable 
conditions. Over-population must be followed by rapid decline 
in numbers owing to intraspecific competition for the available 
resources of space and food. 
Ansell (1972) commenting on Stephents (1938) observations on the 
fluctuations in brood strength of Tellina noted that successful 
settlements are never-sc widely separated that the species is 
53 
absent. This is not the case for the mactrid Spisula 
subtruncata which has only been observed to occur in Kames Bay 
for the life time of a single successful settlement and at very C-3 
infrequent intervals. Ansell's observations on the distribution, 
growth and seasonal changes in Donax vittatus from MLWS and below 
in Kames Bay led him to the conclusion that the failure of Donax 
settlement was not due to any failure by the adults to produce 
gametes but to hydrographic conditions prevailing leading to the 
presence or absence of larvae at critical periods within the 
bay, or to biotic factors affecting -the settlement of such 
larvae and their post settlement survival. . 
Trevallion (1971) found that heavy mortalities occurred in 
populations of Tellina tenuis from Loch Ewe after a summer of 
high rainfall and low-sunshine. She showed that the condition 
of animals based on measurements of ash-free flesh dry weight 
were qlosely linked to changes in temperature which had a direct 
bearing on the food supply. 
Stephen (1928) described a very heavy mortality that effectively 
removed an entire year group from the population at Kames Bay. 
The empty shells were found in large numbers at the end of the 
summer so that predation can be ruled out. Stephen had been 
following this population with particular interest as the year 
class involved had been one of superabundance - roughly 21 times 
that of subsequent years. He believed that spawning stress 
was the most likely cause of this mass mortality particularly 
as these were first-time spawners. 
Stephen (1938) found a correla. tion between abnormally high 
temperatures in the Atlantic in the early 1930's and good broods 
of Tellina and other invertebrates. 
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Trevallion, Steele and Edwards (1970) have suggested that 
grazing by young flatfish on the tips of the siphons of feeding 
Tellina can divert growth of the prey into siphon regeneration, 
This is supposed to take place at the expense of gonad develop- 
ment. They advance the theory that when Tellina density drops 
below a critical level this predation would cease and thus 
permit recovery of the predated Tellina. Thus Tellina 
populations could be controlled through inhibition of spawning 
by a functional response of predators to prey density and this 
mechanism could account for the sparse recruitment on Loch Ewe 
beaches in 1964 and 1967. 
McIntyre (1970) rioted that the same sequence of good and bad 
years of recruitment of Tellina is not found either on every 
beach of an open firth or on beaches inside several adjacent 
sea lochs, thus he believed factors other than laig(-, - , -, ca. le 
environmental effects must be sought. He classified these 
q 
factors as follows: 
1) Predation at the spawning stage 
2) Dispersal at the planktonic stage 
3) Wave action at the settlement sta7ge. 
lie believed that these are the controlling factors- that lead to 
local differences in population structure and persistent failures 
-in recruitment. He attributed the more regular recruitment on 
beaches of the Clyde sea area to the richer environment which 
allows, Tellina to withstand cropping and achieve reproduction. 
McIntyre makes no mention of the possible effects of parasitism 
or disease'on'Tellina population dynamics. 
1.6 Summary and Conclusions 
I. This section deals with the results of preliminary 
investigations into the distribution, growth and reproduction 
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of Tellina tenuis as affected by the presence of a hitherto 
undescribed coccidian parasite of the ovaries. 
2. Collections were made at four levels on the beach at Kames 
Bay, Millport over one year (1974) and the dcnsity and 
lengths measured at each month. The months of April) July, 
October, December 1974 and January 1975 were selected for 
the measurement of shell length and weight, wet and dry 
flesh weights, sex and the degree of parasitization. 
3. The population was found to follow the same range and, within 
the limits of sampling error, to have the same density as 
that recorded by previous workers in the last fifty years. 
4. The density maximum of approximately 4,000 per square metre 
is to be found at MLWN and falls progressively to zero above 
MHWN. The population merges with Tellina fabula at depths 
of about 1 metre below MLWS. 
0 
5. The size frequency distribution shows a regular gradation 
from MLWS to MHWN. Smaller individuals, prcdominate at and 
below MLWN and become proportionately fewer above MLWN. 
6. Growth is more rapid at higher levels than at lower levels, 
and older broods dominate in the composition of the population. 
7. Tellina tenuis appears to be a protandrous gonochoristic 
species with a sex-ratio of approximately 1: 1. 
8. Maturation of the gametes 'took place in April and spawning 
was believed to occur every neap tide from June to October. 
9. There were indications that sex reversal took place in a 
proportion of the population during the winter although this 
__has 
yet to be proved. 
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10. A coccidian parasite was detected in at lea-st 90% of 
female Tellina. The trophozoites were found in the primary 
germ cells of the oocytes in the gonadal follicles. No 
traces were found of the coccidian in any male Tellina in 
K-ames Bay or in samples from the North, West and East of 
Scotland. 
11. The percentage of heavily parasitized females reached a 
Is 
peak in July at 75%. In October this fell to 27% with 
63% categorized as lightly parasitized. 
12. The parasite does not appear to cause gigantism amongst 
females and no significant changes could be found in 
weights or lengths of "standard" animals whether male, or 
lightlyparasitized or heavily parasitized female. The 
parasite only causes the temporary death of the reproducti've 
capacity of females. 
13. It is concluded that the parasite does, not have any marked 
deleterious effect on the population which appears to have 
remained remarkably stable in all its parameters over the 
last fifty years. It is believed that this stability 
probably reflec-ýs a long association between the parasite 
and its host. 
SECTIO14 T140 
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SECTION TWO: Studies on a coccidian parasite of the ovary 
of Tellina tenuis for which the name Merocystis 
tellinovum (species nova) is proposed. 
2.1 Introduction 
I The presence of masses of parasitic oocysts in the gonad of 
the female was first noticed by Stirling (pers. comm. ) from a 
population of Tellina tenuis at Aultbea, Loch Ewe. A survey 
of populations from the north, east and west coasts of Scotland 
showed that a very high proportion of fertile female Tellina 
harboured this parasite and in very many cases the parasite 
destroyed the reproductive potential of the ftýj-llale host. 
The present study constitutes an investigation into the biology 
of the parasite. It was found to possess all the features of 
a typical Eimeriorine coccidian with gametogony and merogony 
taking, place within the primary germ cells of gonadal follicles. 
The oocyst was found to contain 64 sporocysts each containing 
2 sporozoites. The parasite is believed to belong to the 
genus Merocystis of the family Aggregatid, ic Labbeý 1899) 
belonging to the sub-order Eimeriorina Leger, l9il, of the 
order Eucoccidiorida Leger and Duboscq, 1910. The terminology 
of Levine (1970) is adopted throughout. A diagnosis is 
presented and the name Merocystis tellirlovuia (fPf-ci2e-SELO-H-2) is 
proposed. 
The fine structure of thci infectious stages and micro- and 
macrogametogeResis is described together with the morphology of 
the biflagellate gamete. 
The host/parasite relationship is examined in relation to the 
inflammatory responses of the host such as pliaE,,, ')cyt(-)sis) leucO- 
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cytosis and encapsulation. 
2.2 Review of the Literature 
The coccidia have recently been the subject of a comprehensive 
review in a volume edited by Hammond and Long (1973). A 
chapter by Levine reviews the history and taxonomy of the group 
and the terminology proposed by Levine is adopted in the present 
study. 
Levine takes a conciliatory approach to the inherent problems 
of the taxonomy of the coccidia by rejecting both the narrow 
view that they are all merely members of the genera Eimeria and 
Isospora of the family Eimeriorina (plus a few others) and the 
broad view that they are all members of the subý-class 
Coccidiasina as opposed to the sub-class Gregarinisina. 
Of the 8 families of the Eimeriorina, 4 occur in invertebrates 
and 4 'in vertebrates. Very much more is known about the latter 
group because of the severe economic effects of the disease of 
coccidosis in domestic animals. In contrast little is known 
about the marine species as they have 2argely been neglectcd 
since the original descriptions of the late 19th century. 
The history of the taxonomy of the coccid. -La is tangled and 
involved in the extreme (Levine. 1973). SlIffice it to say that 
the Committee on Taxonomy and Taxonomic Problems of the Society 
of Protozoologists (Honigberg et al, 1964) erected very detailed 
taxa, however since 1964 a completely new classification has had 
to be attempteýd owing ýo the wealth of new information gained 
from eleciron microscopical studies. 
The traditional basis for classification has beer the morphology C. 2 
of. the oocyst. Detailed descriptions of endogPf)ous stages and 
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the location of development within the host tissues are rarely 
included and the vast majority of-descriptions are confined 
solely to the morphology of the oocyst at sporulation (Marquardt, 
1973). According to Levine and Ivens (1970) the exact location 
of the parasite within the host's digestive tract is only known 
in 17 of the 95 named species of Eimaria from ruminants. 
Further, only portions of the life cycle are described for 15 
out of the 95 species and complete lifb cycles have been 
described for only 2 of the entire list. 
Levine (1962) estimated that with the 
qualitative characteristics there can 
different species in the genus Eimeri 
permutations of numbers of sporocysts 
number of sporozoites per sporocyst. 
use of quantitative and 
be at least 2,654,736 
a alone, based on possible 
per oocyst, and the 
Obviously such slight 
morphological differences do not provide adequate justification 
for erecting now species. Conve. -sely, similarities, in 00CYst 
t 
morphology are not necessarily justification for lumping new 
species together. Marquardt (in Hammond, 1973) recommends the 
following'taxonoixic determinants be taken into account in any 
description of a new species: M size; (ii) variability of 
the oocy8t wall; (iii) shape and shape index; Uv) colour 
and (v) immune vesponses. With the exception of the latter 
these'have been described in the present study. 
I. 
The fine structure of protozoan parasites has now become the 
basis for determining 
, systematic relationships even to the 
extent of adopting ultrastructural features as the chief criteria 
for distinguishing between'sporoz'oa. (Honigberg ýý. t alý 1964; 
Garnham', 1969 a and b; Levine, 1969 a and b, 1971). 
The electron microscope Iias allowed detailed investigation of 
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devejo'pmentý structure and function in the coccidia. 
Scholtyseck (in Hammond,, 1973) presents a comprehensive review 
of the fine structural characteristics of the group., 
The coccidia are distinguished from all other protozoan cells 
by the ultrastructure of their motile cells. The sporozoite 
and the merozoite are both bounded by a characteristic multi- 
stratose pellicle and contain an apical complex comprising a 
polar ring, conoid, rhoptries and micronemes. Also typical of 
the group is the micropore which functions as an ultracytostome 
(Scholtyseck, in Hammond, 1973) 
There appears to be no record of a coccidian from the eggs of 
any pelecypod mollusc. Chytridiopsis ovicola Loger and Hollande 
1917--was originally thought to have a possible relationship to 
the coccidians and Dolfus (1922) cited in Sprague (1971) treated 
it as an agent of coccidiosis in oysters. Sindermann (1970) was 
equally positive that it wa's an haplosporidaii. Sprague (1970 
and 1971) attempted'to clarify its taxonomic position and argued 
that it belonged to the Microsporida based on the ultrastructural 
studies of Manier and Ormiýres (1968) who showcd that Chytrid- 
iopsa. s socius possessed a polar filar. ent. Assuming the generic 
position-is constant it then follows that C. ovicola is a. 
microsporidan. Strangely, C. ovicola was only found in a single 
sample of Ostrea edulis from Marennes, France. Becker and 
Pauley (1968) described a similar parasite to Chytridiopsis 
in the ova of the Pacific oyster, Crassostrea Zi=--. 
The only c ýccidian'in the eggs of a marine invertebrate seems to 
be Ovivora thal-assemae(l, ankester). The host- is the echiuroid 
worm Thalassemae neptuni and the life cycle has been described 
by Mackinnon and Ray (1937) cited in Kudo (1966",. 
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2.3 Materials and Methods 
a) 'Collection of specimens 
Tellina tenuis were collected from between the tide levels at 
the following beaches during 1974 and 1975: 
Kamas Bay, Millport, Isle of Cumbrae 549171 
Inverasdale, Loch Ewe 865823 
Firemr, re, Loch Ewe 884818 
Aultbea, Loch Ewe 890867 
West Sands, St. Andrews 174505 
Stevenston beach, Firth of Clyde 2681403 
Barassie beach, Firth of Clyde 327,322 
Hunterston beach, Firth of Clyde 522185 
Troon beach, Firth of Clyde 
Seamill beach,, Firth of Clyde 473197 
Lunderston Bay, Firth of Clyde 
With the exception of Firemore beach the usual densities of 
Tellina were of the order of 1,000 or more per square metre. 
The animals were transported to the laboratory in Kilner jars 
packed in ice and transferred to aquaria containing sea water 
at 10 degrees C. The sea water was circulated through charcoal 
and fibreglass wool by means of an "Eheim" filter. A minimum 
4 
24 hours were'needed to allow clearance of sand grains from the 
gut. 
b) Preparation of material for light microscopy 
Freshýsmears from the gonad were examined microscopically after 
the addition of methylene blue (Sprague, 1965). Specimens found 
positive were fixed in alcoholic Bouin's solution or 10% 
buffered formalin, embedded in "Paraplast" and sectioned in a 
Leitz ultramicrotome at 5 um thick. Some sections were stained 
with Heidenhain's iron haematoxylin and eosin arid others were 
treated by the periodic'acid-Schiff method of McManus. Some of 
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the PAS preparat-ions were counterstained with Weigert's iron 
haematoxylin. Formalin fixed sections were subjected to the 
Fuelgen nucleal reaction. Measurements were made by means of 
a calibrated ocular micrometer. 
c) Preparation of material for electron microscopy 
1 MM3 blocks of tissue were fixed in a 2.5%*solution of _glutar- 
aldehyde in 0.05 M sym-collidine butfer of pH 7.4 containing 
0.03 M sucrose. After a mininium period of 2 hours in glutar- 
aldehyde at room temperature the tissues were rinsed in 6 changes 
of buffer solution and subsequently post fixed in 1% osmium 
tetroxide in buffer at 40C. Dehydration was carried out in a 
graded alcohol series followed by gradual in. 'Filtration over 72 
hours from 100% propylene oxide through to 100% Ar4lditeý/Epon 
resin mix. This was found necessary in order that the thick 
walled oocysts of the parasite might be adequately impregnated 
with resin. 
Sections were cut first at 2 um thi(-k frcm resin embedded blocks 
using glass knives in a Huxley hand microtome. These were 
examined unstained in ý Leitz Laborlux light microscope fitted 
with phase contrast optics. This method allowed rapid location 
of the desired stages in the coccidian life cycle. Ultra-thin 
sections were then taken by the use of glass knives in a Reichert 
Ultramicrotome and stained either in lead citrate and uranyl 
acetate or in a combined 1% pol. -assium permanganate/1% uranyl 
acetate stain in doubly dist. 1.1led water. This 10 minute stain 
was found to give excellent contrast although somewhat 'grainy' 
at magnifications above 25,000. Copper grids were coated in 
Formvar and reinforced with vacuum deposited carbon film. 
Sections were. viewed in AE'-r Corinth and JEOL 100 electron 
microscopes. 
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d) Preparation of material for scanning electron microscopy 
Suspensions of oocysts in acetone were placed on coated stubs 
and shadowed with gold/palladiumbefore examination in a 
C4mbridge Ewcanning electron microscope. 
2.4 -Observations 
The life cycle 
The three phases of the typical coccidian life cycle - sporogony, 
merogony and gametogony were observed. The terminology of 
Haimnond (1964) is used throughout. All the stages in the life 
cycle were believed to be haploid except for -the zygote. 
Meiosis was believed to be associated with sporogony (Scholtyseck5 
. 
1973) . 
A diagrammatic representation of -the life cycle of the coccidian 
is presented in text Figure 7. New infections were believed 
to beýinitiated by the ingestion of sporulated oocysts in the 
course of filter feeding by neighbouring Tellina tenuis. 
Sporozoites were thought to excyst from oocysts im the gut of 
the host having been subjected to the action of digestive 
enzymes. They were thought to penetrate through the gut wall 
of the host and to invade the primary germ cells lining the 
ovarian follicles (Plates 24-29). A sporozoite free in the 
intralobular haemocoele of the digestive diverticuli is 
illustrated in Plate 57. The elongated sporozoites transformed 
into spherical trophozoites whereupon the first nuclear division 
occurred (Plate 59). The immature schizont (mevont) reproduces 
asexually by multiple fission resulting in the formation of 
between 8 and 16 merozoites (Plates 29 & 30). Lreakdown of 
the host primary germ cell released these merozoites to invade 
new cells. Several cycles of merogony were thought to take 
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place before the onset of gametogony. Light micrographs of 
the first stages of gametogony are presented in Plates 24 & 30. 
Gametogony involves the formation of two sexually differentiated 
cells from the haploid merozoite, the macrogamont and the micro- 
gamont. A detailed description of gametogony is given on 
pages 76 to 79. 
Fertilization of the macrogamete by the motile microgamete 
resulted in a zygote which transforms into an oocyst shortly 
after fertilization. Sporogony of the oocyst took place in 
the lumen of the gonadal follicles and is illustrated in Plates 
10-18. These exogenous stages are described in detail. belovi. 
b) Exogenous stages (Plates 10 to 20,25 to 28 and 30). 
The oocyst This was spherical to sub-spherical with a range 
in diameter of 23.44 to 29.30 Am (mean 26.37 um). The oocyst 
wall appeared smooth, thin, colourless and double layered under 
the light microscope. Micropyle, oocyst residuum and polar 
granules were absent. The sporocysts occupied the whole SDace 
of the oocyst sac. Sporocysts averaged 64 in number and were 
smooth and oval. Their size range was 3.22 um long by 2.93jum 
wide. Each sporocyst contained two sporozoites each 3.30jum 
long and 0.85 jum wide. 
The sporozoites were crescentic or 
comma shaped, the 'head' of the comma being represented by a 
refringent globule. Squash preparations of oocysts usually 
showed sporozoites lying head to tail although elnctron micro- 
scopy revealed that the pairs lie at right angles to one another. 
All stages of sporogony through to maturation occurred in the 
lumina of the gonadal sac (Plates 25 to 28 and 30). 
Endogenous stages 
The endogenous stages developed in the primary germ cells of 
66 
the mature female Tellina tenuis. A description of oogenesis 
in. uninfected Tellina is given in 1.4(c). It appeared that 
primary germ cells that escaped penetration by trophozoites 
long enough to become oogonia were thereafter refractory to the 
parasites as all endogenous stages of the coccidia seemed to be 
limited to primary germ cells. Germ cells containing endo- 
genous trophozoites were often observed detached from the 
follicle walls and floating free in the lumen of the gonadal 
-tubules. (Plates 21,22,25 and 28) 
The following stages were observed; ' 
l. ' Numerous small trophozoites 3-4, iim in length could be seen 
inside primary germ cells. These-had single or double 
chromatic structures (Plates 29 and 24) 
2. Schizonts containing up to 64 irregularlY arranged comma 
shaped merozoites Sx1.5, um in size each with a posterior 
refractile globule (Plates 11,19 and 20). 
3. Mature macrogametocytes 10-15 pm in diameter with chromo- 
philic granules around the periphery and a conspicuous 
nucleus. These were common (Plates 20 to 25). 
4. Thin walled microgametocytes ca 12 um in diameter containing 
few to numerous microgametes conspicuous as discrete dense 
chromophilic granules evenly arranged around the periphery. 
of the microgametocyte. These were much less common than 
macrogametocy, -. es (Plates 25,27$ 28 and 30). 
5. Zygotes with a chromophilic periphery at various stages of 
cleavage to form sporocysts (Plates 28,31 and 32). 
d) Diagnosis 
Merocystis tellinovum sp. nov. 
The I name Merocystis tellinovum sp. nov. is proposed for -this 
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coccidian. 
HOST: 
HABITAT: 
LOCALITY: 
MORPHOLOGY: 
Tellina tenuis (da Costa) (Bivalvia, Eulamelli- 
branchia) 
Primary germ cells and oogonia 
Scotland 
Oocyst with 64 sporocysts, each with two sporo- 
zoites, spherical to sub-spherical with a mean diameter 
of 26.3 pm and with a thin, smooth, double layered wall. 
Micropyle, oocyst residuum and polar granules are absent. 
Sporocysts oval, thin walled with a mean size of 4.2-3 pm 
each containing two comna shaped sporozoites each slightly 
longer than the sporocyst and lying at right angles to C2 
each other'. Sporulated oocysts are slightly larger than 
unsporulated oocysts. Monoxenous with merogony, gameto- 
gony and sporogony in the same host. 
e) Distinctive features of Merocystis tellinovum 
i) Relative size* 
Measurements of. sporulated oocysts of M. tellinovum both from 
fixed preparatioLs and, living material indicate that the size 
range of the oocyst falls between 23.44 and 29-30 um in diameter. 
COMMENT 
The oocyst falls within the size range of almost any species 
of Eir,, ieriorine coccidia. For example, Eimeria bovis oocysts 
are 23-34 um by 17-23 um in size. Some oocysts are ellipsoidal, 
for example Eimeria ellipsoidalis which measures from 12-32 um 
by 10-29 um. 
I 
Variability of the oocyst wall 
It was noticed that a amall percentage of oocysts had a 
crenulate margin wall. It was first considered that this might 
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be an artefact caused by shrinkage'during post-fixation. To 
-test this a large number of oocysts from heavily infected 
individuals were prepared for scanning electron microscopy by 
the critical. point drying method (Swall and Marszaleck, 1969). 
This revealed that the surface of the outer wall varied from 
smooth through veined to highly crenulate (Plates 61,62 and 63). 
Tpansmission electron microscopy showed that the wall became 
greatly thickened and could only be sUccessfully embedded by 
means of vacuum impregnation techniques. (Plates 36, q3-46) 
COMMENT 
It is possible that the survival value to the species conferred 
by the thickening of the oocyst wall is one of resistance to 
adverse conditions especially since the proportion. of thick 
vTalled. oocysts was much higher in winter. Christensen and 
Porter (1939)-showed that there were striking differences in 
the oocyst structure of individual specimens of the same species 
of E. auburncnsis. 
iii) Shape and shape index 
Oocysts from M. tollinovum are constant in shape being spherical 
to spheroidal (Plates 16 to 20). 
COMMENT 
Levine (1971) reported that the shape index (i. e. length 
divided by width) of species of coccidia is remarkably constant. 
Davis et al (19,57) working on E. alabamensis (of the n"Cl0i Of 
epithelial cells in cattle) noted that the oocysts may be 
pyriform, elliptical or spherical. It is probable that the 
pyriform shape results from the pressure of oocyst upon each 
other in crowded condii-lons. 
iv) colour 
De'nse masses of oocysl. s seen through the tunica propria coverillil, 
70 
the visceral hump appeared white (Plates 5-9). This feature 
made it easy to pick out infected individuals as the oogonia 
and oocytes of. Tellina appeared colourless and the coccidian 
oocysts showed clearly white amongst them. Frequently the 
oocysts completely filled the ovarian follicles (Plates 8,9 & 21). 
The use of an apochromatic lens to determine the colour of the 
oocyst wall showed that it was týansparent. The white 
appearance of the oocyst in normal microscopy was therefore 
considered to be due. to -the refractile nature of the sporozoites. 
v) Cross infection experiments and host susceptibility 
Indirect cross infection experiments involvin .g Ostrea edulis 
were attempted but proved negative. Observa'-i-qns on the closely, 
related species, Tellina fabula, failed to reveal the presence 
of coccidia. Bivalves such as Donax and Cochlodesma found in 
close association with T. tenuis were similarly uninfected. A 
sample"of 100 Tellina fabula from below the Low Water Springs 
tide level at Kames Bay were examined histologically as were, a 
large sample of Donax Vittatus from St. Andrews West Sands. 
Both species appeared free of coccidia in the ovary. Tellina 
tenuis is found in association with Cochlodesma sp. in Aultbea5 
Loch Ewe. This species, too, 
I 
proved negative. In general it 
would appear that these protozoa are highly host specific- 
f) Transmission and scanning electron mi,. -, roscopY of, the 
sporozoite and the merozoite (infective stages) 
Sporozoites and merozoites are motile infective stages able to 
penetrate host'cells. . In the life cycle the mobile comma 
shaped sporozoite is the initial stage whereas the merozoite is 
derived asexually by schizogony. 4 
I um and a width The mature sporozoites have a mean length of 3.., 
1 1" 
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of 0.85 Pm. They are comma shaped and have the characteristic 
structure of the coccidian sp6rozoite (Plater, 36,38,39,43 & 44). 
The following ultrastructural features are commonly found in 
coccidia. A general review is given by Scholtyseck in Hammond 
(1973), however brief comments regarding the significance and 
function of each of these features ý, ave been added to each of 
the observations in order that the reader may relate this 
catalogue of structures to those of other known genera of the 
coccidia. 
The pellicle (Plates 40ý 435 445 47 and 48). 
In both sporozoites and merozoites the pellicle was made up of 
an outer unit membrane and two closely adpressed inner membranes. 
This feature is diagnostic of all coccidian sporozoites. The 
space between these outer and inner membranes varies between 
15 and 20 nm. The mean width of the pellicle is 40 nm. 
COMMENT 
Scholtyseck, Mehihorn and Friedhoff (1970) in studies of the 
Eimeriorina found that the outer membrane is continuous and 
encloses the whole cell in contrast to the inner membrane which 
is perforated at the anterior end at the polar ring. No 
perforations of the inner membrane were seen in this study of 
M. tellinovum. A diagrammatic representation of the pellicle 
is given in text Figure 8 and the various layers are illustrated 
by the electron micrographs in Plates 47 and 48. 
ii) The polar ring 
- This-structure was not seen in free sporozoites although its 
development could be made out in sections of mature oocysts. 
COMMENT 
I 
The polar ring is formed by a thickening of the inner layer of 
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the double membran(., of the pellicle., Roberts and Haftunond 
(1970) suggested that it was the site of attachment of the 
microtubules but further work is required to elucidate its fine 
structure. 
iii) The sub-pellicular microtubules 
These were seen at the anterior end of the merozoite and sporo- 
zoite (Plates 40,48 & 60). There appeared to be up to 24 
regularly spaced microtubules running tangential to the long 
axis. It was thought that the pellicle inner layers and the. 
microtubules connected and that the two structures were a 
single functional unit. Slow, twisting movements of the 
sporozoites were seen in smear preparations of living material 
and it may be that the function of the microtubules relates to 
cell motility. 
Microtubules in the developing sporozoites can be seen in. 
Plate 44. Merozoite subpellicular microtubules are illustrated 
in Plates 37 and 38. 
iv) The conoid 
4 
This structure was not clearly seen although its presence could 
be deduced from studies of the developmental staLges (Plates 37,38). 
COMMENT 
The conoid was first described by Gustafson, Agar and Cramer 
(1954) in the. trophozoite of Toxoplasma gondii as a hollow, 
cone-like structure situated at the apical end. It is believed 
to be formed from a spinal baný of microtubules and may be 
compressible and extensible. The presence of a conoid has been 
shoWn in all sporozoites and merozoites of the coccidia but it 
?I 
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is absent from haewosporidians and piroplasms, Furthee studies 
are required on. M. tellinovum motile stages to determine the 
size and shape of this organelle. The function of the conoid 
is thought to be to assist in penetration of the host cell. 
v) Rhoptries (Paired Organelles) 
Rhoptries were seen in both-sporozoite and merozoites as well 
as in the late stages of sporocyst development within the oocyst. 
They were clavate electron dense structures with the narrow end 
extended towards the anterior portion of cell. Plates 43 & 48 
show ultrastructural features of these rhoptries. 
COMMENT 
Many more than two of these paired organelles were commonly 
seen and in this respect they resembled the sporozoites of 
Eimeria. Scholtyseck (1973) comments that more than two paired 
organelles can be seen in the merozoites of-Babe's'i'a'ovis from 
q 
the tick Rhipicephalus bursa as well as in Toxoplasma, Besnoitia 
and Sarcocystis . 7enera. 
The function of the rhoptries is not known although there are 
some indications that the paired organelles have a. gland-like 
appearance and that they may secrete a proteolytic enzyme to 
assist in the mechanical function of the conoid. The narrow 
neck-like portions may serve as secretory ductules. This 
suggestion is supported by the results of Schrevel (1968) who 
found acid phosphatase activity in the rhoptrieS of the 
g regarine Selenidium. 
vi) The micronemes 
The size and shape of the micronemes is shown in Plates 38 & 113. 
In longitudinal section they appeared oval and in transverqe 
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section circular-or spherical. Frbquently they appeared dense 
and structurcless but some sections showed them to be surrounded 
by a membrane and to have a lacuna with characteristic 
fibrillar processes of the polar filament of the myxosporida. 
COMMENT 
In most sporozoa, micronemes are small osmiophilic convoluted 
I 
cord-like structures with a diameter of 60-90 nm. They were 
first described by Gustafson et al (1954) in. Toxoplasma. 
They called them toxonemes. Subsequently appellations such as 
Icytoplasma-strange, sarconemes, lankesterellonomesý convoluted 
tubules, radial clubs, rod-shaped granules' have all been 
suggested but the primacy of the term micronemes is now generally 
accepted (Jacobs, 1967). 
It has been sLýggested that micronemes have a secretory function 
and that they may be linked with rhoptries as a common functional 
system aiding the penetration of the host cell. 
vii) Micropores 
These structures were not clearly visualised in developing 
sporozoites but are believed to be represented in Plate q4. 
A micropore-like structure was frequently seen in the oocyst 
wall and is believed to be involved in enzyme secretion resulting 
in the formation of the parasitophagous vacuole surrounding the 
oocyst. These structures are illustrated in Plates 45 and 46. 
COMMENT 
Micropores are organelles believed to be formed by the fusion 
and invagination of the pellicle layers. They have been 
variously styled micropyles and ultracytostomes and are 
implicated in the uptake of nutrients by the sporozoite. 
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Senand (1967) repo-.,, ted two to three-side canals branching off 1( 
from the invagination of the outer membrane in Sarcocystis. 
viii) Crystalloid inclusions 
I The posterior end of the mature sporozoite was observed to be 
filled with a dense aggregate of granules having a diameter of 
40 nm and an interparticle spacing of 6-9.5 nm. The particles 
were not membrane bound nor were membranes associated with the 
margins of these inclusions. A sequence of crystalloid 
formation was inferred from Plates 37-42. 
COMMENT 
The term crystalloid inclusions for these paracrystalline arrays, 
by Garnham et al (1962,1969), who obse. rved that the refractile 
, 
cytoplasmic vacuoles of Leucocytozoon sp corresponded5 at the 
fine structural level, to aggregations of closely packed 
crystalline material resembling Echo virus in structure. 
Dasgupta (1968,1971) in studies of the ook-inetes and early 
oocysts of Plasmodium cynmolýi bastienelli believed that the 
crystalloid aggregations were viral in nature and corresponded 
with clumps of Feulgen'positive material in degenerating oocysts. 
Terzakis (1968,1969 and 1971) noted similar inclusions in 
Plasmodium gallinaceum and described them as resembling nothing 
else but a virus. Terzakis measured the particles at 35-55 nm 
. and 
described them as having a trilaminar membrane and packing 
in a hexagonal pattern. Davies and Howells (cited in Trefiak 
and Desser, 1973) postulated that the crystalloid is a virus 
infection in Plasmodium berghei. dalluci (1971) has reported 
crystalline inclusions from late zygotes and ookinetes of 
Haemoproteus columbae. 
Trefiak and Desser (1973) listed two types of crystalloid 
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inclusion, Type I they characterized as lipo-protein and Type 
II as probably viral. The crystalloid inclusions described 
above corresponded with Type I'and were believed to be formed 
from the lipid and protein components present in the macrogamete. 
g) Sexual stages of Merocystis tellinovum 
The sexual phase of the life cycle of Merocystis tellinovum 
resembles that of other Protozoa with differentiated gametes. 
The male gamete is flagellated and a detailed description of the 
development'and structure of th s important stage of the life 
cycle is presented. 
i) The Microgamont 
The term microgamont is used for the parent cell of the micro- 
gamete. The ultrastructure of the microgamont of M. tellinovum 
is shown in Plate 51. Light microscopy showed (Plate 30) that 
the number of developing microgametes per microgamont was not 
large and i-C was estimated that 30 to 50 microgametes were 
produced.. Microgamonts were much less commonly seen than 
macrogamonts. 
4 
ii) Microgametogenesis and the microgamete 
It was possible to recognize four stages in microgametogenesis. 
These were as follows: 
a) The'ýnuclei of the microgamonts became arranged around the 
Each nucleus is periphery of the cytoplasm (Plates 52 & 53)'* 
associated with a mitochondrion, having characteristically 
tubular chPistac. 
b). The surface of the wicrogamont cytoplasin became elevated 
above each nucleus (Plates 51 & 52). The basa3 bodies from 
which the flagella arise could be seen on opiýosite sides of 
s 
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the developing nucleus of the rfiicrogamece. The chromatin 
content of the nucleus became progressively condensed. 
c) The nucleus became contained within a cylindrical outgrowth. 
A residual nucleus was not seen nor was fusion and elongation 
of mitochondria associated with the nucleus. These features 
are common in Eimeriorine microgametogenesis. 
d) The immature spheroidal microga. -ete became separated from 
the microgamont. The residual cytoplasmic masses of 
microgamonts, sometimes contained within the ruptured 
t 
bilayered pellicle, and sometimes free in the lumen of the 
gonadal follicles were frequently encountered in electron 
microscopical obsei, vations. 
Plates 55 and 56. 
These are illustrated in 
The microgamete at maturity was believed to be spheroidal, 
approximately 0.1 um in diameter and biflagellate. A 
diagraimmatic construction is given in text Figure 9. The short 
flagella were deeply inserted within the bounding membrane. A 
spherical mitochondrion lay within a cup-shaped nucleus consisting 
of condensed chromatin. and a number of vesicles, believed to be 
involved with penetration of the macrogamete, covered the 
anterior surface. A band of 12 microtubules was observed to 
run antero-posteriorly under the bounding membrane of the gamete 
between. the insertion&of the flagella (Plate 54). 
COMMENT 
Great significance has been attached both to the morphology of 
the coccidian microgamete and the number and arrangement of the 
flagella by taxonomists concerned with the phylogeny of the 
Sporozoa (Scholtyseck, in Hammond, 1973). The occurrence and 
arrangement of the flaEella is taken as an indication of the 
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phylogenetic relationship of the co, ccidia with certain groups 
of the Mastigophora. 
Three different types of microgamete have been described. 
These are: 
a) lens or cup-shaped protococcidian types; 
b) elongate,, slender and slightly curved microgametes of the 
Eimeriorina, and 
c) filiform microgametes of the Haemosporina which supposedly- 
have no mitochondria in contrast to the first two types. 
The microgamete of Merocystis tellinovum most closely resembles 
the protococcidian pattern. These more or less spheroidal 
microgametes lack the polarity of the Eimeriorina. The micro- 
gamete of CoelOtropha durchoni (Porchet Hennere, 1970) has two 
free flagella and numerous sub-pellicular microtubules. The 
riitochondrion is positioned in close association with the basal 
bodieý of the flagella. The'close resemblance of the M. 
tellinoyum microgamete to this pattern indicates a taxonomic 
affinity with the protococcidia, howeverý that order is not 
believed to be merogonous nor are the members obligatorily 
intracellular. All the protococcidia so far described have 
been discovered in marine invertebrates. 
The macrogamont This sexual form derives from the merozoi-ILe. 
The literature relating to macrogametes is comprehensively 
reviewed in Hammond. The macrogamont of Merocys-ý-is tellinovum 
was recognizable by the following features. 
6 
The large central nucleus with a compact electron-dense 
nucleolus (Plate 53). - 
2) The pellicle represented by one unit membrane with under- 
- lying osmiophilic material. Microgametes ar 
.e seen adhering 
to the outer layer in Plates 53 and 54. 
so 
3) The presence of large granules-which are probably analogous 
to the wall-forming bodies -characteristic-of all the' 
Eimeria species so far described (Plates 53 and 54). 
4) Lipid and amylopectin-containing cytoplasmic inclusions 
probably forming food reserves for the development of the 
oocyst (Plates 53 and 54). 
COMMENT 
Hammond reports that a canal-like outgrowth of the nucleus 
approaches the surface and a microgamete enters only at this 
place (Plate 53). The microgamete penetrates directly into 
the nucleus of the macrogamete which probably undergoes an 
immediate change in appearance. Light and electron micrographs 
of the ensuing stages post fertilization are given in Plates 
10 to 20. 
2.5 Discussion and Conclusions 
Each of the fine structural features described above has been 
followed by a brief comment for the reasons already mentioned. 
The discussion is therefore brief. 
Phylogenetical considerations and suggestions for future work. 
4 
The functional m3. cromorphology of Merocystis tellinoyum as 
revealed by the techniques of electron microscopy show that 
most of the typical fine structural features associated with 
the motile stages that distinguish the coccidia from all other 
protozoan cells were present. However, detailed analysis of 
the developmental processes s uch as endopolygeny2 schizogony, 
asexual reproduction and sporogony have not been attempted in 
the present study. Further observations of these developmental 
stages would probably establish the phylogenetic position of C.: - 
this parasite. Preliminary observations suggest that the genus 
may be intermediate be'L%een the Protococcidiorida and the 
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Eucoccidiorida. 
The physiology of Merocystis tellinovum hds not been touched 
upon. The processes of locomotion, excystation, cell 
penetration, intake and digestion of nutrients,, cytochemistry 
and studies on enzyme activity of organelles should now follow 
these preliminary electron microscope observations. These 
should be studied in conjunction'with parasite-host relationý; hips 
such as the formation of the parasitophorous vacuole, degener- 
ative changes and host encapsulation. The pathogeneity of 
this particular coccidian appears to be a function of the size 
of the endogenbus stages. ', The development of the oocyst to 
30 um in diameter seemed to result in mechanical disruption of 
the primary germ cell wall. 
Levine (1963) calculated that the genus Eimeria has been 
described from perhaps 1 or 2% of chordates and 5.7% of mammals. 
lie estimated that we might expect to find 34,000 species of 
Eimeria. 
There are approximately 100,000 genera in the phylum Mollusca 
(Morton, 1970) and it does not seem unreasonable to-expect that 
there exist many more than the 12 genera (Kudo, *1966) thaý have 
so far been described. It seems quite probable that where 
bivalves of one species can be found at densities approaching 
those of Tellina at Kames Bay then they will harbour coccidia 
at some stage of their Life-cycle. 
Tellina tenu for example, is host to two speciesý one of which 
has been described in detail in the present study. The other 
species is Hyalokloss--'L, -., Delseneerii, Leger and Duboscq (1915). 
This coccidian was frequently seen in the kidney, of Tellina 
from Kames-Bay and West Sands, St. Andrews. No studies have 
II 
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been made on Hyaloklossia. since the original description of 
Leger and Duboscq. (Plates 68,69 and 70). 
Levine (1973) has pointed out that "there is work ahead for 
several generations of Protozoologists in the field of Taxonomy". 
It seems certain that there are very many coccidia in marine 
invertebrates awaiting description. 
2.6 Summary and Conclusions 
1) An hitherto undescribed coccidian parasite of the ovary of 
Tellina tenuis was examined both by light and electron 
microscopy. 
2) A diagnosis is presented and the name Merocystis tellinovum 
(sp. nova) is proposed. 
Thia is the first coccidian parasite of the ovaries of any 
bivalve to be described. The effect on the reproductive 
0 
potential of the host has been assessed in the first section 
of this study. 
4) The life cycle is described including the stages of sporogory, 
merogony and gametogony. 
5) The ultrastructure of the sporozoite is described in relation 
to other coccidia to which they bear morphological 
similarities. 
6) The ultrastructure of the raicrogamete, microgaiiietogenesis, 
fertilization and the macrogamont immediately post 
fertilization are described. 
7) The host-parasite relationship-is examined ond discussed. 
Suggestions for future studies on this parasite, are proposed. 
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SECTION THREE: 
3.1 Introduction 
Light and electron' microscopical observations 
on a mycoplasma-like organism infecting the 
secretory cells of the digestive gland of 
Tellina tenuis. 
During the course of routine histological examinations of 
T. tenuis from various beaches in the North, West and East of 
Scotland, some specimens were found to contain cytoplasmic 
inclusion bodies in the secretory cells of the digestive gland. 
These inclusion bodies contained densely packed spherules closely 
resembling mycoplasmas (vide infra) and will be referred to as 
mycoplasma-like organisms or MLO. 
In order that an appreciation of the cytopathic changes brought 
about by the MLO on the digestive gland could be understood a 
detail-ed study of the hi stology and ultrastructure of the normal 
digestive gland was made. The cyclical changes of absorption, 
digestion and breakdown in the gland and the fine structural 
features of the secretory and absorptive cells are described iii 
I 
relation to other members of the Lamellibranchia. 
The first section of this review deals with the literature 
concerning the lamellibranch digestive gland. The appearance 
of this highly labile organ is very changeable and it was 
necessary to form clea r ideas of normal versus diseased tissue 
before a description of histopathological changes could be 
attempted. 
3.2 Review of the Literature . 
a) The lamellibranchiate digestive gland 
Studies on the structure and function of the digestive gland 
of the Lamellibranchia have revealed that there exist a 
remarkable uniformity thi, oughout the group despite the diversity 
of fprm and habitat exploited by this the largest grouping of 
the bivalvia. A voluminous literature exists on the subject 
but, to date., no studies of the fine structure of Tellina tenuis 
digestive gland have been published. 
The digestive diverticula are organs of absorption and intra- 
cellular digestion (Listý 1902, Vonk, 1924, both cited in Owen, 
1955; Yonge, 1926b; Owen, 1955; Dinamani, 1957; Saleuddin, 
1965, cited in Surmer, 1966 a and b; B. S. Morton, 1969a, 1970a. 
and d -and 1973; J. E. Ilorton,, 1956). They are also considered to 
be organs of secretion Mansour, 1946; Mansour and Zaki, 1946). 
Owen (1955) suggested that the function of s. ecretion could be 
derived from the fragmentation of spherules budding from the 
distal ends of the abscrptive'cells into the lumen of the 
digestive tubules. These may carry the waste products of intra- 
cellular digestion to the stomach and there disrupt to release 
enzymý! s of digestion. 
b) Basophil cells 
The pyramidal basophiý- cells occupying crypts in the digestive 
acini have been shown by Sumner (1966 a and b) and McQuiston 
(1969) to be secretory in function. Sumnar refers to these cells 
as basiphil cells. In the present study they will be refered to 
secretory cells or basopbil cells. 
0 
These cells are traditionally 
ascri. bed the function of nests of young cells (Yonge, 1926b) 
from which 'spent' digestive cells and new tubules arose. 
Owen(1970,1972a and h, and 1974) ascribes both functions to 
these crypts-of young cells and recognizes two distinct types 
of basophil call (1) secretory and (2) younS; undifferentiated 
cells which can either become secretory or absorptive. 
Langton (1975) based a quantitative study on Unchrony of the- 
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digestive diverticula of Mytilus edulis on the appearance of the 
absorptive cells. He classified these (afýLer Platt, 1971) as: 
D Normal (holding) phase 
ii) Absorptive 
iii) Disintegrating 
iv) Reconstituting 
He found that 90% of the tubules were of Types M and (ii) and 
that the relative percentage of these-two varied according tT 
the degree of exposure related to the tidal rhythm. The 
mechanism Langton proposed for excretion was that residual bodies 
were released individually. 
c) Classification and general features of mjcoplasmas 
The basis of nomenclature and classification of-this group of 
organisms was laid in 1956 by Edward and Freundt and has now 
been univers-ally adopted. The name Mollicutes for this class 
of 'soft-walled' organisms was proposed in 1967. The Mollicutes 
q 
comprise only one order, Mycoplasmatales, which contains three 
families,. the Mycoplasmataceae, Acholeplasriiataceae and Spiro- 
plasmataceae (Freundt, 1976). The mycoplasmatales are similar 
to the L-phase of true'bacteria (Kleinberger-Nobel, 1962). it 
was once generally held to be the case that mycoplasmas were 
derived from unknown bacterial parents that had lost the ability 
to revert although there is no conclusive evidence for this 
derivation. 
The chief biological cbaýoacteristics sepanating these prokaryotic 
organisms from other classes of the lower protista is the lack 
of a cell wall and the, inability to syn-, %-.. hcsize mucopeptide 
polymers and their precursors. The form of the organism is 
variable and includes rings, globules, filamel, ts and small 
elementary bodies which can pass through filter-- wh3. ch would 
V, ia have been hold back bacteria. Particles as small as 12E n 
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separated by diffe7., ential filtration and . are capable of growing 
-in tissue culture or artificial media. The growth requircments 
for parasitic species can be provided by a protein rich medium 
(usually supplied as serum protein) containing unsaturated fatty 
acids and cholesterol. Mycoplasmas are resistent to penicillin 
and other antibiotics that inhibit polymerization of cell wall 
precursors. The genome size is either 1x 10 
9 daltons or 4.5 x 
108 daltonsý i. e. half as great as bacteria or, at most, on the 
same level as the smallest bacteria. Virus genomes are in the 
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range 10 - 10 daltons (Dales, 1963). 
Much of the work on the morphological and ultrastructural 
characterization of the order Mycoplasmatales has been reviewed 
by Boatman (1973,1974); Smith (1971); Maniloff and Morowitz 
(1972) and Zavadova (1972). The plant associated mycoplasmas 
are reviewed by Davis and Whitcomb (1971). Abstracts of the 
I 
proceedings of the first conference of the International 
Organisation for Mycoplasmology (I. O. M. ), September, 1976, 
include review papers by Freundt on species differentiation, 
Razin on ultrastructure and morphology, Whittlestone on 
isolation and detection, Bove on plant and insect mycoplasmas 
and Cole on mycoplasma viruses. 
The bulk of the literature on the ultrastructure of the 
mycoplasmas is concerned with Acholeplasma laidlawii of the 
family Acholeplasmata6eae (Edward and Freundt, 19695 1970). 
Only. a very few of the 37 species of the genu. s LIý2plasma have 
been adequately characterized from the point of view of 
morphology and ultrastructure. Those that have include 
M. hominis (Bredt, 197LI)5 M. gailisepticum (Mandloff et al, 1967)5 
and M. 
_pneumoniae 
(Boatman and Kenny, 19 71). Boatman (1973) 
points out that, ideally, the growth and development of myco- 
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plasmas'should be followed by light microscopy despite their 
minutene*ss owing, to fixation artefActs that occur when preparing 
specimens for electron microscopy. 
Bredt (1970) working on M. hominis5 demonstrated the extra- 
ordinary heterogeneity of these organisms. In ten strains he 
recognised three, basic forms. - These were coccoidal (0.3 to 0.8 
pm in diameter), diploforms and filamentous forms (0.3 to, 0.4 pm 
in diameter). Some doubt has been cast on the relevance of 
the morphology of cultured forms of mycoplasmas'by Hirumi and 
Maramorosch (1973) who maintain that fixation of MLO in host 
tissues minimizes the alterations sometimes observed in myco- 
plasma preparations made from pure culture S. It has been 
recognized by these authors that high speed c. entrifugation 
affects both morphology and ultrastructure. Nevertheless) this 
method is frequently used to separate mycoplasmas prior to 
fixing the cells by various chemicals (Maniloff et al, 1965 and 
Maniloff, 1971). These problems have been discussed by Rodwell 
(1965) and Lemcke (1972). Bernste'in-Ziv (1969 and 1971) 
describes the effects of centrifugation and fixation on the* 
morphology of M. gallisepticum. Cells harvested at various 
periods during growth by centrifugation at 39,000 g for 10 
minutes were examined by Bredt by negative staining. The 
negatively stained cells were apparently unfixed andý surprisingly, 
remained intact despite vacuum drying and exposure to the 
electron beam. Terminal IblebbI were seen on some cells and 
short filaments. Subsequent work by Bernstein-Ziv (1971) on 
the effects of hypotonic solutions on cells of M. gallisepticum 
showed that filaments could be induced within one minute. In 
a few cases cells exposed to hypotonic solutions did not form 
filaments and this was also true for cells exposed to an isoto. nic 
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solution of 0.4 m's'ucrose even though subsequently transferred 
to a hypertonic fixative. 
pliability of mycoplasmas. 
These experiments emphasized the 
Morphological variations are 
probably only a reflection of the physical conditions under 
which organisms are grown or examined. 
Black et al (1971) working on the morphology and ultrastructure 
of human T-mycoplasmas used a lcngthý s. chedule involving first 
glutaraldehyde fixation, centrifugation, embedding in agar and 
secondary fixation using veronal acetate buffered osmium 
t 
tetroxide. Most of the cells they observed were spherical or 
ovoid although rod shaped filamentous and, partly branched forms 
were also observed. Work Qn M. bovirhinis by Boatman (1973) 
showed marked similarity to cultures of M. hominis. The cells 
are largely filamentous and despite the fact that a wide, range 
of osmolalities were employed, no noticeable differences were 
reported in the final preparations. Kammer et al (1970) 
employed a scanning electron microscope as did Boatman and Kenny 
(1970) working on M. felis but found that the resolution 
capability of 20 imi was not sufficient to show surface detail. 
In general the morphology revealed by the scanning electron 
microscope was predominantly ovoid with lobulate) star-shaped 
and filamentous variations. 
Observations of thin sections of mycoplasmas show that the cyto- 
plasmic components are less subject to variation than the shape 
of the cells. With a few exceptions they consist exc1tisively 
of three components: a bounding 'unit' type membrane enclosing 
a cytoplasm containing randomly distributed ribosomes and a 
I 
nuclear area devoid of ribosomes containing fibrillar material. 
Some species have additional features such as Iblebs' in 
M. gallisepticum (Morowitz and Maniloff,, 1966 and Maniloff and 
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Morowitz, 1967), and striated structures (Biberfield and 
Biberfield, 1970, and Boatman and Kenny, 1971). These striated 
fibrils have been thought to resemble actin-like contractile 
proteins and are believed to be involved in cellular movements 
and cell division by virtue of their contractile nature (Razin, 
1976). 
3.3 Materials and Methods 
The collection of specimens, sampling sites and preparation o' 
material for light and electron microscopy has been described 
in Section Two(3). 
Histochemical observations 
Cryostat sections of alcohol fixed material were stained by a 
modified phloxine/tartrazine method in which zinc cbloride was 
used (see Appendix 3 Acridine orange staining of cryostat 
0 
sections were examined in a Leitz Orthoplan microscope equipped 
with fluorescence optics. The various steps are covered in 
Appendix 14. 
3.4 Observations and Results 
a). -The appearance of normal digestive gland tissue 
General features 
Light and electron microscopical examination of the digestive 
gland cells oflellina tenuis showed that they have two types 
of cells, absorptive and secretory, forming the lining of the 
tubules. The digestive diverticuli followed the pattern of the 
majority of bivalves in that they were divisible into three main 
reglons. These are: 
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1) A dendritic system of main ducts arising from the 
caecum lined with non-ciliated epithelium. 
2) Short unbranched secondary ducts lined with 
ciliated epithelium. 
3) Irregularly branching blind-ending acini lined 
with secretory and digestive cells. 
ii) The secretory cells 
These were found in clusters of four to twelve cells in crypts 
round the lumen of the acini. Under the light microscope they 
were darkly staining basophilic pyramidal cells (Plates 72 & 87). 
Mitotic figures were often seen with the light microscope and 
pairs of cells with incomplete septa representing later stages 
in cytokinesis were frequently seen under the clectron microscope 
(Plates 76 and 77). 
Mature secretory cells appeared very similar to vertebrate 
pancreatic exocrine cells (Lima-de-Faria 1969 ) and they had the 
fine structure of protein-secreting cells. The basal nucleus 
was large with a conspicuous nucleolus (Plates 76 & 77). The 
endoplasmic reticulum was well developed and granular and a 
well defined Golgi body was situated in the centre of the cyto- 
plasm above the nucleus and proximal to the lumen of the tubule. 
The Golgi cisterni gave rise to electron dense secretory 
vesicles which accumulated in the cytoplasm at the apex of the 
cell prior' to release into the lumen (Plates 78 and 79). 
The cells were fully differentiated with the typiual permanent 
and semi-permanent features such as flagella and desmosomes 
Lysosomes were evident in the cytoplasm by bodies containing 
tubular crystalline arrays, ie. -, Owen's peroxisomcs) were not 
observed. 
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iii) The absorptive cells 
These cells were highly labile and it was found that their 
appearance varied greatly depending on the metabolic state of 
the animal at the time of fixation. These stages have been 
defined by JE Morton (1956) and McQuiston (1969) for Lasea 
rubra, a small beach clam., and have been defined as: 
1) Formation 
2) Absorption and phagocytosis 
3) Digestion 
4) Breakdown 
5) Development and formation. 
The most commonly observed phase during the present study was 
that of breakdown owing to the fact that animals were usually 
kept for two to three days after capture as indicated previously. 
Observations o-f Tellina fixed at various stages of the feeding 
cycle d7irectly from the beach showed that the Stages of the 
feeding cycle recognized in absorptive cells of other Lamelli- 
branchs, such as Dreissena, Cardium, Anodonta, Macoma and Ostrea 
described by Morton (1969b, 1970 a, b and c, 1971) were present. 
I 
Plates 72 & 74 show absorptive c'ells during breakdown. 
Fragmentation spherules formed by large Iblebs' of cytoplasm 
budding off from the distal ends of these cells can be seen in 
the lumina. of the tubules (Plates 72 & 80). These spherules 
contained numerous profiles of degenerate raitochondria. There 
was a marked absence of lysosomes or residual bodies such as 
described by Owbn (19721. These cells had a well developed 
'brush borderi of microvilli (Plates 72,80 &81). The cytoplasm 
contained numerous'food vacuoles which appear to. be at different 
stages of absorption by the cytoplasm. These electron dense 
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vacuoles were osmiophilic suggesting a high lipid content. 
In contrast to the secretory cells, there was a marked absence 
of Golgi profiles and endoplasmic reticulum. Mitochondria 
were numerous. 
b) Host-parasite interactions 
The MLO seems to have an affinity for one specific cell of one 
component of the digestive tract; inclusions have only been 
found in the secretory cells of the terminal. acini of the 
0 
digestive diverticula. 
I 
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ght microscopy of the cytopathic cffect caused by thd MLO: 
The fýirst sign of infection appeared to be a small eosinophilic 
inclýsion body lying above the nucleus and proximal to the lumen 
of the tubule. * It was thought that the this small inclusion 
then enlarged until the normally pyramidal secretory cell was 
distended to three or four times normal size and became spherical 
in outline. 'Cells were then believed to burst leaving their 
.., skeletal outline as evidence of their former presence. These 
rily infected Tellina. ghost cells-weerc a diagnostic feature of hea-V 
(Plates 80 to 91 and 101 to 1010. 
Under the oil immersion objective of the microscope the contents 
of these inclusions appeared to be uniformly granular although 
occassionally distinct spherules staining with different intensity 
could be distinguished (Plates 93,94 and 101-103). 
The cell contcnts wcrc avidly phloxinophilic (Plate 92) and 
fluoresced bright yellow to orange when stained by acridirie 
orange (Plates 95-100). 
The first observable histological charige in the nucleus was the 
d evelopment of an "owl's eye" appearance (Girardi et al. 1966) 
The nuclei had a pale nucleoplasm and prominent nucleoli withý 
pronounced margination-,, or rimming, of the chromatin (Plate 93). 
ii) Electron micrý--scopy of infected secretorY ccils 
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Electron micrographs showing secretory cells at various stages 
of'degeneration are given in Plates 110-112 and 118. 
The features of nuclear degeneration observed by light micro- 
scopy . and described above are amplified by Plates 114,115) 118 
and 119. 
Following infection by MLO the nuclear envelope appeared to 
become swollen and the nucleus to shrink which produced a 
characteristic lobed and irregular outline (Plate 2.19). 
Karyorhexis and finally karyolysis are. represented in Plate 115 
The cytoplasm of the secretory cells at an early stage of 
infection was granular and electron-dense. The cisterni of 
the rough endoplasmic reticulum became greatly swollen (Plate 
111,113 and 118) and profiles of endoplasmic reticulum became 
arranged in concentric whorls around the cytoplasmic inclusion 
body containing MLO. The expansion of this cytoplasmic inclusion 
body resulted in the mechanical compression of the cytoplasmic 
organelles against the cell membrane. The electron-dense 
nature of the necrotic remnants of the cytoplasm suggested 
coagulation of the protein elements (Sparks, 1972). Ultimately 
the cells were thought to rupture releasing MLO into the lumina 
of the tubules (Plates 101,102 and 129). The persistent outline 
of these, dead cells was a diagnostic feature of infected Tellina. 
The electron microscope showed that the margins of the dead 
cells were thickened with amorphous electron-opaq, %-,, ýý material 
Plate 73 shows the margin of one of these cells with the necrotic 
remnants of the nucleus adhering to the cell margin. 
c) The morphology and ultrastructural features of the MLO 
In the present study MLO were observed by negative staining 
following ultracentrifugation (Plates 147/8) and by phase 
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contrast light microscopy (Plates 102 & 103 ) as well as by 
transmission electron microscopy. 
The cell boundary 
The cell boundary appeared to be a trilaminar membrane typical 
of'unit membrane structure and was composed of a light area about 
5 nm thick bounded on either side by electron dense regions to 
give a membrane with an overall thickness of 11 nm. The outc, ý 
layer appeared to be more dense than the inner layer and this is 
believed to represent the presence of a capsular substance 
(Domermuth et al. 1964a). 
The capsular matrix 
A capsular matrix was seen in some preparations where phosphotung- 
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stic acid had been used to negatively stain MLO isolated from Tellina' 
digestive gland homogenatcs (Plates 158 & 159 These closely 
resemblqd the globular sub-units described by Hummeler et al 
(1965). These may play a role in the attachment of mycoplasmas 
to cell surfaces prior to penetration. 
iii) The cell contents 
Numerous ribosomes having a mean diameter of 14 nm were loosely 
arranged within the plasma membrane. Ribosomes were largely 
absent from the region believed to contain the nuclear materia 
This region consisted of unbounded fibrillar and granular 
material. Membrane bound intracytoplasmic lacunae were often 
seen ( Plate 122). 
iv) Morphology 
The basic form is a coccoid sphere 0.3 to 0.8 um in diameter. 
Diploforms and filamentous forms were occasional3Y seen 
Plates, 109,123) as were smallý densely stainiiig Iblebs' 
attached by a narrow neck to the parcnt cytoplasm. The MLO 
could be typed according to their size and -the electron 
opacity of the cytoplasmic matrix. These were as follows: 
1) Small, compact spherules with higlily opaque 
cytoplasmic matrices (elementary bodies) 
1 Small, intermediate spherules containing modcr, -itcl, / 
opaque cytoplasmic matrices (initial bodies) 
3) Intermediate spherules witb modpritely op, -nique 
cytoplasm (intermediate bodies) 
4) Large, intermediate spherules with low opacity 
cytoplasm (large bodies) 
5) Large, fully developed spherules with low opacity 
cytoplasm - usually containing virus particles (giant 
bodies) 
Filamentous forms, usually containing virus particles. 
Replication 
Replicattim of the MLO appeared to be by budding, 
and binary fission. Cells thought to be undergoing binary 
fission are illustrated in Plates 108,1095 1135 116 and 123. 
Cytoplasmic fragmentation is illustrated in Plates 132 and 1,33 
It is not certain that this is a form of reproduction or results 
from the presence of the virus. 
OccasionallY lar, ge- filculientous forms (Plates 109 and 123) 
appeared to be undergoing fragmentation. It was thought that 
cytoplasmic division might lag behine genome replication 
resulting in multinuclcate filaments. There later fragment. to 
give simple cells. This method of replication is common amongst 
the Mycopl. nsmatales and is thought to be responsible for the 
SiCIc I chaiAn c., E bcadcl aj)j)carancc of filamon-tous 
3.5 Discussion and conclusions 97 
a) Cyclical changel-:. 
The normal secretory and absorptive cells closely resembled 
those of other Lamellibranchiate species. The cyclical activity 
observed appears to conform most closely with that described by 
Langton (1975) for Mytilus edulis. In general there was a lack 
of synchrony. Tubules in some areas of the gland appeared 
coordinated with each other whereas in other areas they were 
not. This might be explained by food reaching various parts 
of the multibranched system at different times. For example5 
a small group of tubules served by one duct might receive food 
from the stomach before another group of acini served by another 
duct. Thus individual tubules might pass through the digestive 
cycle at different rates because of uneven distribution of food 
throughout the tubules (Plate 85). 
b) Regeneration of the secretory cells 
A study by Thomson et al (1974) on starvation of the mussel 
Mvtilus edulis and its effects on the structure and function of 
the digestive gland shoWed that the secretory or basophil cells 
degenerate first. , The'cells became densely staining and 
the 
endoplasmic reticulum. appeared disorganized. They distinguished 
between two types of basophil cell and concluded that the stress 
induced degenerative changes in the digestive tubules themselves 
do not affect the capacity of the tissue for recovery. 
Mix and Sparks (1971) working on oysters found that- the repair 
of the epithelial lining of the digestive tubules following 
irradiation was effected by division of the basiphil cells. 
Purchon (1971) considered'that the means by which degenerate 
basophil cells were replaced is obscure. 
Yonge (1926) considered that the basophil cells were immature 
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absorptive cells be: iause of their high mitotic rate. Owen and 
'Pal (1970 and 1971) found no evidence that basophil cells could 
give rise to absorptive cells. Thomson et al (1974) suggest 
that their flagellate basophil cell (Type II) may differentiate 
into a mature digestive cell under suitable conditions. 
Williams (1969i measured the biochemical composition of mussels 
in an attempt to determine the effect of the parasite Mytilicola 
intestinalis and found. no. difference between parasitized and 
non7parasitized animals. Williams concluded that analysis of 
whole animals or while tissues is least useful in assessing 
physiological condition not because analyses are insensitive but 
because the parameters he measured such as the carbohydrate/ 
protein ratio tend to be regulated independently of the degree 
of stress. 
The infection of the basophil or secretory cells and the 
conseqtýent destruction and atrophy of portions of the digestive 
gland did not appear to cause starvation and loss of condition 
of the host. It must be concluded that the rapid regenerative 
powers that are a function of the cyclical mode of feeding and 
digestion probably preVent the parasite from harming the host. 
It was generally found that older individuals of 7+ and 8+ year 
groups had an accumulation of inclusion bodies and a build up 
of brown cells in the haemocoele of the digestive gland. This 
suggested that the mycoplasma-like parasites probably accumulate 
with age in the host. 
c) Artefacts and mycoplasma cell morphology 
Any consideration of the morphoýogy of mycoplasmas demands an 
awareness of the problems of alteration and distortion that may 
be caused by preparative techniques. Unfortunately, past 
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papers dealing with the morphology of these delicate organisms 
have not always given details of the composition of the fixing 
fluid, the osmolality of the fixative buffer combination and p1l, 
temperature and duration of the fixation schedule. However, 
the fixation of the MLO in the host tissues probably did much 
to minimize alterations to the morphology of the cells. Th3s 
approach to the morphology was recommended by Hirumi and 
I 
Maramorosch (1973). 
The effect of phage-virus (MVT) on morphology 
The basic coccoid form having a diameter of 0.3 to 0.8 jim 
appeared to be invariate whether the organism was viewed by 
phase contrast electron microscopy, thin section electron micro- 
scopy or negative staining following density gradient centri- 
fugation. The only exceptions to the basic morphology appeared 
to be found amongst those cells containing virus particles. 
These cells were distended and appeared to be two to three times 
the diameter of MLO in which virus particles could not be seen. 
Neither Cole (1976) nor Gourlay (1973) report similar swelling 
of, mycoplasmas infected with phage (Plates 108 & 123). A 
description of the virus, its morphology, replication and 
buoyant density will be found in Section IV. 
d) The cell wall of the MLO 
I 
The interpretation of structures resembliTIg the early formation 
of a cell wall in those cells harbouring phage-virus particles 
suggested that the organism might be Ricketisial or Chlamydial 
rather than mycoplasma-like. However, close observation of the 
plasma membrane of those cells that did not contain virus 
particles or were at an early stage of infection failed to reveal 
any hint of a cell wall. From these observatijns it was 
concluded that either the additional layer Of membrane is a host 
I 
I, 
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response to the p resence of virus or that the calls might be 
L-phase variants of bacteria that have become adapted to a 
parasitic intracytoplasmic mod'e of existence and are being 
stimulated to revert -to walled forms under the influence of the 
phage. A third possibility exists that these virus-containing 
cells might be a different organism. 
considered'likely. I 
e) The capsular matrix 
However, this is not 
A capsular matrix has been found to surround many different 
species of mycoplasmas (Green and Hanson, 1973; Howard and 
Gourlay,, 1974; Wilson and Collier, 1976). The matrix stains 
with i1cidic high with ruthenium red, a dye that reacts strongl, 
molecular weight substances. The presence of carbohydrate on 
the cell surface of mycoy plasmas is indicated by the lectin 
binding ability of many species (Kahane and Tully, 1975, cited 
in Razin, 1976). These carbohydrate groups may be part of a 
capsular carbohydrate polymer or membrane glyoolipids5 glyco- 
proteins br lipopolysaccharides (Kahane and Marchesi, 1974; 
Smith et al, 1974). They are believed to be important antigenic 
I 
determinants as well as playing some role in cell surface 
attachment. The capsular matrix of the INLO is thought to be that 
illustrated in Plates 151 and. 152. 
The membrane of M. pulmonis gives the appearance of being 
composed of globular sub-units (Hummeler et al, 1965) which bear 
a close resemblance to t',,,. ose observed in Tellina MLO. 
The range of habitats 
The range of habitats known to contain Mollicutes is very broad. 
MYcoplasma-like organism have been isolated fror sewage and 
soil. chole plasma laidlawii (Tully and Razin, 1968) has been 
10 
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isolated from a wide variety of hosts as weil as from soil 
and a thremophilic, acidophilic prokaryote has been discovered 
in self-heated coal refuse piles (Belly and Brock, 1973). The 
agent of yellows disease in plants has been identified as a 
mycoplasma-like organism (MaramorosCAi et al, 1970; Davis and 
Whitcomb, 1971 and Hill, 1971). 
/ 
The plant MLO's have proved extrewely difficult to cultivate. 
Razin (1973) attributes this to their intracellular location 
within the plant and the insect vector. Mycoplasmas in animals 
are rar6ly intracellular which Razin believes may indicate a 
stricter adaptation of the parasite to conditions which may be 
-e in a cell-free medium. difficult to stimulat 
g) Intracellular parasites of undetermined taxohomic status 
from the aquatic environment and their possible relation 
with MLO from Tellina tenuis 
4 
There appear to be features of the MLO in Tellina tenuis that 
closely resemble -the organisms causing a condition described as 
epitheliocystis reporte d by Hoffman et al. (1969) from the blue 
gill (Lepomis macrochirus) and Wolke et al. (1970) from the 
striped bass (Morone saxatilus) and white perch (Morone americanus). 
Recently, Paperna (pers. comm., 1976) has observed epitheliocystis 
organisms in Sparus aurata and Liza ramada' which differ from 
the above in details of their fine structure although they cause 
similar hypertrophy of epithelial cells. In all the above cases 
the organisms apparently occupy a giant vacuole within living 
cells.. The cytoplasm is pushed aside and forms a cortex. The 
final cyst formed by the organismli reproductive processes is 
con'tained within a si. -Ligle unruptured and greatly hypertrophied 
cell. Wolke et al. described an electron-dense structure bearing 
little resemblance to aunit membrane 'lying between the organisms 
within the cyst and the__cyýt_wall or basement lamina. 
c 
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They described this structure as being composed of connective 
tissue, fibres, nuclei and cellular orgarielles bound on their 
outermost surface by epithelial cells which appeared to be 
undergoing pressure necrosis. Wolke suggested that possibly 
the coalescence of'several epithelial cells had resulted in what 
seems to be a single large cell surrounded by a corona. of nuclei. 
Paperna noted that in S. aurata the, final large cyst is similarly 
formed by the coalýscence of several epithelial cells but that 
the'corona of nuclei was separated from -the plasmatic wall of 
the epitheliocystis inclusion by a distinct membrane. Paperna 
contrasted this with the form of the cyst wall in Liza ramada 
where the plas. matic layer itself was divided by desmosomcs into 
cellular units while no distinct separation could be seen between 
the plasmatic layer and the outer layer COTItaining-the nuclei. 
Thes e differences in the relationship between host and parasite 
probably reflect the biological and taxonomic diversity of the 
causattive organisms of epitheliocystis. 
h) An analysis of the various prokaryotic organisms that have 
been found to form cytoplasmic inclusions within a membrane 
bound vacuole 
,' Anderson et al (1-965) compared the ultrastructure of a mycoplasma, 
several rickettsiae and ornithosis"virus"(also known as organisms 
of the Psittacosis I. ymphogranuloma-trachoma group (PLT) or 
Cblamydozoacea6 of the genus Bedsonia. or Miy a&ýwane]:. la). All 
were capable of forming intracytoplasmic inclusions but the only 
organisms that we. re found contained within a membrane lined 
vacuole were Rickettsia sennetsu and the PLT organism. R. 
sennetsu differs from other rickettsias in this respect as well 
as in being pleomorphic, tightly packed or wrapped around each 
other in a tight ball. All other rickettsiae are free in the 
cytoplasm of the host and are usually cylindrical in shape. 
0 
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All have a cell wall and a plasma membrane and contain ribosomes 
and DNA strands. The c--l1 wall is frequently visualized a6 a 
rippled trilayered structure. Anderson et al found that the, 
plasma membrane was frequently not well demonstrated in R. 
sennetsu and that this lead to the mistaken interpretation that 
the host membrane lining the vacuole was the cell wall and the 
. cell wall was mistaken for the plasma membrane'. The overall 
appearance of R. sennetsu is very similar to the initial bodies 
of the PLT organism (Mitsui, 1964).. The intravacuolar position 
of both. R. sennetsu and PLT organisms makes it clear that both 
are enclosed within a cell wall and a plasma membrane. In the 
PLT group the plasma membrane is never visualized in the 
elementary body stage although Anderson et al say that it seems 
probable that the trilayered structure seen in tbc elementary 
body is the cell wall and that the inner plasma membrane is 
retracted along with internal components and thus is not readily 
seen. . 
Wolke (1970) studies of the ultrastructure of the epitheliocys-tis 
associated organism refers to: 
the intracyto plasmic location with a membrane lined 
inclusion; 
the presence of both a cell wall and a plasma membrane; 
3) the presence of four forms, i. e. giant bodies, initial 
bodies, intermediate and elementary bodies. 
The presence of morphologic evidence that the agent of epithel- 
iocystis is not Rickettsial but similar to the ornithosis agent 
is based on the reproductive forms observed by electron micro- 
scopy. Wolke acknowledges that this is a risky procedure but 
comes to the same conclusion as Hoffman (1964) that the epithel- 
iocystis agent is probably a member of the Bedsonia group. 
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Paperna recognized several morphological units distinctly 
different from the Bedsonial or Rickettsial organisms. The 
individual units he saw that Were comparable to elementary bodies 
of PLT organisms are formed as inclusion bodies of the mother 
unit, whereas in PLT organisms elementary bodies are formed 
through a succession of binary fissions or budding. Ile notý'--d 
that the rounded units formed by. binary fission in epitheliocystis 
from S. aurata remain interconnected by cytoplasmic bridges. 
Higashi (1955) reported plasmatic bridges interconnecting large, 
units of PLT organisms after completion of binary fission. 
In conclusion, it must be said that there are many features 
of the inycoplasma-like organism described in the present study 
that require further elucidation before the taxonomic position 
becomes clear. In referring to the organism as an MLO the 
following considerations have been taken into account: 
. 1. The method of replication appears to follow that 
described for mycoplasmas 
2. ' No viruses have yet been described from chlamydia 
or rickettsia whereas ýnycoplasmas are usually found in assoc- 
iation with viruses. 
3. The organism does not appear to have a cell wall ' 
'- virus seems to either when the virus is absent. The presence 
o6 
induce the formation of a cell wall or to make the fact that 
a cell wall exists more visible. It may be that those cells 
that do not appear to have a cell wall miZht possess an inner 
plasma membrane that is not visible because it is closely 
adpressed to the outer*wall. 
4. Conventional tests using Giemsa or Ziehl-Neilson stains 
were negative for chlamydia and rickettsia. 
The vexing question of the taxonomy can only be resolved by 
culturing the organism. 
» 
SECTION FOUR 
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SECTION FOUR; 'Studies on two viruses isolated from 
Tellina tenuis. 
4.1 Introduction 
At the start of these studies of intracellular parasites of 
Tellina tenuis, the cytoplasmic inclusion bodies observed in 
#e digestive gland were originally thought to be caused by 
the presence of masses of virus-like Particles observed by 
electron microscopy and described by Buchanan (1973). It was 
only later realized that these virus-like particles were, in all 
probability, phages and that the mycoplasma-like organism was 
the cause of the inclusions within the secretory cells. 
An explanation of tb. is misconception may be sought in Plate 
106 where it can be seen that the presence of paracrystalline 
arrays of virus-like particles quite obscures the cells Of 
the host MLO. It was for this reason that Hill (1975) undertook 
a series of experiments with the object of isolating this virus 
in fish cell cultures. In due course Hill isolated a virus 
in an established cell line of bluefin fibroblasts. He called 
this isolate M. This was the first isolate of a virus from 
a marine invertebrate by cell culture. The question then arose 
as to whether M was the same virus as that seen in the 
secretory cells of the digestive gland. Hill had proven the 
pathogeneity of this virus to the Pacific oyster$ Crassostrea 
Zigas and bad reported* the -presence of masses of crystalline 
arrays of virus particles of the same size and shape as those 
seen in Tellina. The'experiments described in this section were 
carried out in order (1) to establish the morphology of M 
(Weymouth isolate) and (2) to compare this with isolates prepared 
from fresh material by density gradient centrifugation and to 
test the effects of TV2 and extracts of filtered Tellina digestive 
gland on an establisbcd cell line of Atlantic salmon fibroblasts. 
106 
4.2 Review of the literature on mycoplas"ma viruses 
In view of the fact that mycoplasmas and MLOls are known to 
harbour viruses it seemed likely that the particles in the MLO 
from Tellin were phages. They will be referred -to in the present 
study as MVT standing for n. ycoplasma virus of Tellina. 
Cole (1976) reviewed the subject of mycoplasma viruses and 
described C morphologically distinct particles frorn6 groups 
although infectivity has only been established for half of these, 
all from Acholeplasma laidlawii (Gourlay, 3.971 and 1973). The 
lack of a suitable host culture system has prevented the demon- 
stration of infectivity for the remainder. The following table 
summarises Cole's classification: 
Virus Group 
MVL 1. 
MVL 2 
MVL 3 
Svc 1 
SVC 2 
SVC 3 
UP s 
Host Species 
Number of 
carrier strains 
A. laidlawii, A. granularum etc. 50+ 
3 
Spiroplasma. citrii, CSO, SRO 14 
It if 12 
It If + SMCA is 
M. hominis and various MLOts 6 
1 
Gourlay'(1970) described the first virus to be isolated from a 
mycoplasma although their existence had long been suspected. 
Since then Gourlay (1973) has isolated a total of three morph- 
ologically distinct viruses all from strains of Achole2lasma 
laidlawii (MVL 1- 3). 
The*first virus was designated MVL 1 and research with a similar 
L1 agent (Liss and Maniloff, 1971) has shown that it is a detergeni 
and ether resistant rod-shaped particle (16 x 90 nm) containing 
single-stranded DNA. It originates from and propagates in 
A. laidlawii (Gourlay, 1974; Maniloff and Lisss 1974). 
MVL 2 was also isolated from A. laidlawii by Gourlay (1972). 
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The L2 phage-virus is spherical, 80 nm in diameter, enveloped 
. 
and ether sensitive and has double stranded DNA. Little more 
is known about -the properties of MVL 2. 
Gourlay (1973) isolated a third virus from a spontaneous plaque 
in a culture of A. laidlawii. MVL 3, as this has been designated, 
is a short tailed (25 nm) polyhedral (57 x 61 nm) ether resistant, 
double stranded DNA virus. 
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The numerous isolates described. by Maniloff and Liss (1974), all 
of which resemble MVL, are considered by Gourlay to be strains of 
the 3 different Mycoplasmatales viruses that have so far been 
isolated. Maniloff and Liss dismiss the question of whether or 
not the various isolates are the same or different as secondary 
when compared to the poor state of our knowledge of any one of 
the fifty or more isolates of Mycoplasmatales viruses. Indeed, 
mycoplasma cell isolates are very uncertainly classified. They 
believe that most, if not all, inycoplasmas have a virus 
associated'with them. Our knowledge is deficient to the extent 
that no serological studies have been performed on any isolate. 
Cole et al (1974) firs. t demonstrated the presence of 3 
morphologically distinct virus-like particles in SpiroRlasma 
citrii which they designated SVC 1$ 2 and 3. S. citrii is the 
prototype genus and species of a new group of motile, helical2 
sterol requiring mycoplasmas which is the actiological agent of 
some diseases in plants and arthropods. The infectivity of all 
three virus-like particles of spiroplasmas has not been 
established, owing to the lack of an indicator sYstem- 
Cole (1976) pointed out that the confirmed presence of viruse. s, 
especially tailed phage-like particles, prescnt'. 's Rn opportunity 
to study virus-ýhost interactions in cultivable mombrane bound 
prokaryotes-that are unencumbered by cell walls. 
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SVC 1 is a rod shaped particle (14-15 nm x 230-280 nm) and SVC 2 
is a long tailed polyhedron (75-83 nm x 52-58 nm) indistinguish- 
able morphologically from group B bacteriophages. SVC 3 is a 
short tailed polyhedron resembling MVL 3 although smaller 
(13-18 nm x 37-44 nm). Like A. laidlawii, S. citrii have been 
seen to carry all three strains simultaneously. 
The biological significance of mycoplasmatales viruses was 
reviewed by Clyde (1973) who worked with virulent and avirulent 
strains of three species of mycoplasmas in an effort to 
characterize virus isolates in terms of direct or indirect 
influence on donor mycoplasma virulence. Clyde reached the 
conclusion that until a virus free indicator cell line is 
available it is dangerous to assume that the appearance of 
plaques in tests proves the presence of virus in samples. He 
cautioned that workers surveying different species of mycoplasmas 
for virus must be prepared to characterize presumed new viruses 
by classical methods as well as demonstrating some biological 
link between isolates and donor organisms. The donor organism 
that Clyde was referring to is Acholeplasma laidlawii on which 
all phage assays have been conducted. 
b) Phage and L-forms of bacteria, Rickettsiae and Chlamydiae 
The inability of phage to penetrate L-forms has been interpreted 
by the idea that in the absence of a bacterial cell wall phage 
receptor sites must be absent. Taubeneck (1961) observed that 
the transformation 
in the loss of the 
phage is capable o 
is lysogenic prior 
There" have been no 
or Chlamydiae. 
of Proteus mirabilis to its L-phase resulted 
ability to adsorb bacteriophage. However, 
f maturation in the L-form if the bacterium 
to L-transformation (Taubeneck5 1963). 
records of phage-viruses in the Rickettsiae 
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c) The viruses of marine invertebrates 
A report by Hill (1975) on the properties of a virus isolated 
from Tellina tenuis was the first report of any virus being 
isolated in cell cultures from any marine invertebrate. There have 
been a number of reports of the presence of viruses or virus- 
like particles in marine invertebrates. Bang (1971) reported 
. on a 
transmipsible disease from the shore crab, Carcinus maenas,. 
A further publication by Bang (1974) described the pathogenesis 
and auto-interference of a virus disease in crabs. Bonami et al. 
(1972) ascribed an epizootic disease of Ostrea edulis to an 
unidentified virus. Papers by Bonami and Vago (1971)., Bonami 
Vaao and Duthoit (1971) and'Bonami et al. (1975) describe a 
disease of a decapod crustacean, Macropipus depuratorý thought 
to be caused by a virus. Buchanan (1973) described virus-like 
particles in the digestive gland of Tellina tenuis. These are 
now thought to be phage particles infecting a mycoplasma-like 
organism thot causes a disease of the secretory cells of the 
dige'stive diverticuli (this volumtpp 84-105). Couch (1974) 
described the presence of free and occluded virusý similar to 
Bacculovirus, in the hepatopancreas of the pink shrimpý and 
Farley 2t al. (1972) drew attention to the presence of a herpes- 
type virus in the nuclei of -Crassostrea 
yirginica. The morph- 
ological features of this virus closely resemble those of the 
Lucke virus associated with kidney tumours in the frog, (Fawcettý 
1956ý and Zabernard, Vatter and Mckinell, 1966). Their. evidence 
suggested to them that the herpes-type infection in oysters is 
enzootic under ambient temperature ccnditions and that elevated 
temperatures favour the spread 'of the infection or activation of 
the infection from an occult to an overt phase - or both. 
Experimental studies of oysters as carriers of virus were carried 
3.10 
out by HedstrOm and Lycke (1963) following on the outbreak of 
two epidemics of infectious hepatitis cassociated with the 
consumption of raw oysters. They found that oysters are able 
to separate and concentrate the virus during filter feeding. 
Moreover, the stability of' the virus used in their experiments 
(poliovirus type 3) was considerably greater than the same 
virus,, free in seawater. Oysters did not cleanse themselves 
of virus particles when transferrýd to fresh uninfected water 
0 
Rungger et al. (1971) described virus-like particles in association 
'with lesions in the muscles of Octopus vulgaris. Oedematous 
tumours were found scattered throughout the musculature of the 
'tentacles. Electron microscopy of the tumour tissue revealed 
hexagonal virus-like particles 120-140 nm long and about 100 nm 
wide although they must have been elongate rather than hexagonal 
to have those dimensions. The particles were aggregated and 
, sometimes surrounded by a multi-layered membranous envelope 
I 
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4.3 Materials and methods 
The method of collection, transportation and holding of 
specimens was the same as that described in 2.3.1. 
The following methods were employed for virus isolation by 
zonal density centrifugation: 
a) Preparation of samples 
The digestive glands were excised and suspended in 5 volumes 
of tris saline on ice. Homogenization was carried out either 
in a Ten Broek grinder by hand or mechanically by a Silversen's 
small-head blender. Initial clarification was carried out by 
centrifugation in an MSE bench centrifuge at 2,000 r. p. m. for 
15 minutes. Portions of the supernatants containing virus in 
suspension were treated in the following ways: 
i) stored at -20 
0C until required; 
fixed by adding equal volumes of 10% buffered formalin 
and stored at room temperature; 
concentration of the virus by initial centrifugation 
in 20% sucrose for 1 hour at 35,000 r. p. m, collecting the pellet 
and resuspending in triS saline; 
. 
iv) shaken at room temperature with a detergent5 0.4 sodium 
deoxycholate, and spun at 2,000 r. p. m. again for 15 minutes. 
v) shaken for 1 minute with trifýuorochloroethane (Arklone, 
I. C.. I. ) followed by centrifugation at 3,000 rpm for 10 minutes. 
The upper aqueous layer thought to contain the majority of virus 
particles was separated from'thelower fluorocarbon layer and 
layered onto the gradient. 
b) Preparation of gradiunts 
20%q 30%ý 400oý 50% ana 60% (w/v) sucrose solutions were prepared 
in tris saline (0.1 1`1 NaCls 0.01 M Tris and 0.001 M EDTAý pH 7.5). 
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The concentrations were adjusted accurately by means of an 
optical refractometer, Equal volumes of each solution were 
layered in the centrifuge tubes by successively adding lighter 
solutions over the 60% sucrose. The 6 ml MSE cellulose nitrate 
tubes were left overnight to allow diffusion into a linear 
gradiený. Before centrifugation the tubes were overlaid with 
1 ml of tht-, extract and 'capped' with .2 ml of liquid sterile 
paraffin to prevent evaporation. 
Another method used for the separation of virus was to layer 
1 ml of the extract onto 4 mls of 20% sucrose overlying 1 ml 50% 
caesium chloride which acted as a "pad" at the base of the tube. 
Caesium chloride gradients were prepared by dissolving 1.7 gm 
of CsCl in 3.5 ml of distilled water. 5 mls of the CsCl Sol- 
ution were placed in the 6 ml capacity centrifugc tubes) foll- 
owed by 1 ml of the extract and again 'capped' vith sterile 
liquid paraffin. 
c) Centrifugation of the gradients 
Sucrose gradients were run in an MSE 65 mk 2 super-speed ultra- 
centrifuge using a titanium swing-out rotor holding 3x6 ml 
,,, 
tubes (No 587389). The rotor head and centrifuge bowl were pre- 
cooled to 40C and the samples spun down at 35,000 rpm (10OX09) 
for 1 hour in the case of sucrose gradients and 36 hours in the 
case of CsCl gradients. 
d) Unloading the gradients 
This was done by puncturing the base of each tube with a needle 
and collecting 0.3 ml fractions in vials. The refractive inded 
of each fraction was estimated and graphed and the vials cont- 
0 aining visible opalescent bands (Plates 154,155 were, prepared 
for electron microscopy by the methods described below. 
-, h 
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e) Preparation of grids for electron microscopy 
The difficulty of wetting grids with diluent before staining 
was overcome ny adding 0.01% Bacitracin (Sigma) to the diluent. 
Coated grids were used throughout (Polaron 483 copper). 
f) Methodj of negatively staining preparations 
For purified preparations containing troublesome aviounts of 
sucrose the method adopted was as follows: 
One drop of 0.01% Bacitracin was placed on the coated 
grid and left for 15 seconds. This was drained and 
replaced with one drop of virus solution and the grid 
allowed to dry 
(. 1 
The sucrose washing system was prepared by placing 3-4 
layers of filter paper in the bottom of a small petri 
dish. An inverted plastic stopper for use as a well 
was placed in the petri dish and filled with a 0.1 M 
solution of ammonium acetate. Distilled water can also 
be used. A bridge of filter paper to form a wick between 
the well and the base is made and the whole moistened 
with the ammonium acetate or distilled water cleaning 
solution. The grid was placed film side uppermost on the 
wick and left for 30 minutes. When using distilled water 
alone, 15 minutes was usually found adequate for the 
removal of all the sucrose. Ammonium acetate seemed to 
work well in cleaning up dirty preparations.. This 
technique is a modification of a method devised by 
Mr. I. M. Roberts of the Plant Diseases Research Establish- 
ment , Dundee (pers. comm. ) 
iii) Following sucrose removal grids were placed film side 
down on a large drop of stain on paraffin film or a 
waxed slide and left for 3-5 minutes. 
g) Types of stain used 
Phosphotungstic acid (PTA) -a 1-2% aqueous solution 
(w/v) pli adjusted to 7.2 with NaOH. This was the stain 
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most commonly u. -Jed as it is stable over a long period, 
is unaffected by buffer solutions and is a good all-round 
stain for most types of Viruses. However PTA stains 
very poorly when sucrose is present and does not have 
high penetration powers. 
ii) Ammonium molybdate - used as a 2% aqueous solutioný p1l 
was adjusted to 6.5 with IN NaOH- This stain did not 
have any advantages over PTA. 
iii) Uranyl acetate -a 2% aqueous solution. This gave higher 
resolution than M and (ii) and excellent contrast. 
However, the stain precipitates if mixed with buffers 
above 
. 
pH 4.5 (except ammonium acetate) and is unstable 
in strong tungsten light. 
iv) Sodium silicotungstic acid-, pH 9. This stain produced 
results of high resolution and contrast although grainy 
in comparison with PTA. 
h) Preparation of Atlantic salmon monolayer cultures of cells 
for virus propagation 
A monolayer culture of fibroblast-like Atlantic salmon (AS) 
cells (Nicholson and Byrne, 1973) was obtained from Flow 
Laboratories Limited. For transport purposes the cells were 
shipped as a 100% monolayer in a flask devoid of medium. 
On rcceipt of the cells Eagle's minimal essential medium (EMEM) 
supplemented with 15% foetal bovine serum was added and the cells 
incubated at'22 0C for 2-4 hours. (The protocols for the 
preparation of growth media, cell dispersan-ts and buffers is 
given in the appendix. ) 
After 24 hours the growth media was decanted from the monolayer 
and the cells rinsed in 1: 5000 ethylene diamine tetrazolium (EDTA) 
in a phosphate buffered saline (PBSA) to chelate the remaining 
divalent ions and remove any remaining foetal bovine serum. 
After this washing the cells were dispersed with 0.25% T/E/P 
(Trypsi. n/EDTA/PBSA) solution (for details, see appendix). The 
action of trypsinization was followed under the low power of 
an inverted Leitz microscope as it was found that, if allowed 
to proceed too far, the action of the dispersant would free 
large areas of the cell sheet from the glass. Once individual 
members of the cell sheet hacl. rounded up the trypsin/EDTA 
was removed and the action of the dispersant checked by the 
addition of a small quantity of fresh media. The cells were 
then dispersed by vigorous pipetting and scraping using a pasteur 
pipette with the tip bent over at right angles. Dilutions of 
the original cell suspension were made in growth media to give 
suspensions of approximately 10 
4_ 105 cells per m. 1 (Wood, 1972). 
From this first flask replicate 25 cm 
2 
plastic flasks were 
0 seeded with AS cells and incubated at 12 C. The recommended 
temperature for maximum cell growth is 250C (Nicholson and Byrne, 
1973) but cell cultures derived from poikilothermic vertebrates 
will survive and multiply over unusually wide temperatures 
(Wolfe and Quimby2 1969). (The temperature. of 120C was 
recommended by Dr Hill for the growth of M in Blue fin and 
RTG-2 cells. ) AS cells will. grow and multiply throughout the 
range of 2-28 0C although little growth occurs at 40C (Nicholson 
and Byrne, 1973). Flasks of cells were stored at 40C using 
only EMEM until required. 
It was found that actively dividing cells forming sheets that 
were 80-90% confluent could be obtained in four days. After 
seven days the cells were passaged from 1 to 3 flasks. By 
tI 
1 IG 
experience it was found that cells ý; rown in 25 cm 
2 disposable 
plastic flasks could be split 1: 4 after one week at 120C. 
Leaving. confluent cell sheets for longer than fourteen days made 
passaging more difficult because of the tendency of the cell C.: > 
sheet to lift off and contractinto ropey strands of tissue. 
Nicholson and Byrne (1973) found that AS cells will multiply 
through a wide range of pH but. that the optimum pH was 7.4. 
Earles BSS was chosen as a buffer as ft has a higher bicarbonate 
gontent and higher buffering capacity than Hanks or Geys. it 
is particularly useful for cultures that produce much acid or 
have a large cell p, opulation. 
Maintenance of AS cells 
Long term maintenance can be achieved by incubating lightly 
seeded cultures at 40C. Cultures of AS cells have been 
maintained in this manner for as long as 6 months without a 
medium? change or loss of viability (Nicholson and Byrne, 1973). 
Active-growth can be restored by simply incubating the cultures 
at 20 0C for several days. It has been reported that the 
preservation of cells by freezing at -70 0C in glycerol is 
moderately successful'(Wood, 1972). 
Sources of inocula 
C. Two sources of'inocula were used in this experiment. The first 
was M harvested and kindly supplied by Dr BJ Hill from tissue 
culture at Weymouth. This had been stored at 40C as the super- 
natant from the infected tissue culture and was the same 
specimen used for morphological studies by negative staining 
described in Section IV 44Ex3. Three different inocula were 
th samp. le: prepared from the Weymout 
1) Undiluted, unfiLltered Weymouth isolate 
i 
I" 
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2) Undiluted but filtered (Leitz -2 pm filter) 
Weymouth M isolate 
3) Diluted x 100 in MEM, filtered (Leitz -2 pm filter) 
Weymouth M isolate. 
The second source of Tellina virus was prepared from a natural 
population of T. tenuis'from West Sands, St. Andrews, Fife. 
The excised digestive glands were homogenized-in a Ten Broek 
grinder held in a beaker of ice for 15 minutes until the 
majority of cells were broken open. Smears examined under 
phase contrast (using a Leitz Laborlux microscope) showed only 
cell debris. After grinding the tissue one sample was frozen 
overnight and thawed the next day. and centrifuged at 5,009 rpm 
on a bench centrifuge for 20 minutes. A second sample was 
centrifuged without freeze thawing. In both cases the super- 
natant was collected and diluted 1: 10 with MEM and passed 
through a 0.45 um millipore filter to eliminate bacterial 
contamination. 
C, 
k) Inoculation procedure 
0.5 ml of the six different inocula was introduced onto the 
tissue culture monolayer and incubated for 15 minutes at room 
temperature before being discarded and replaced with growth 
medium. Four replicates were set up from each inoculUM Plus 
four controls. 
1) Incubation 
The inoculated flasks were incubated at 120C and examined daily 
under a Leitz inverted microscope fitted with phase contrast 
optics for evidence of cytopathic effects (CPE). 
m) Preparation for electron microscopy 
After a marked CPE had developed the cell sheet was dispersed 
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by trypsinization., The cells were. spun down at 1,200 rpm in 
a bench centrifuge and the supernatant removed with a pasteur 
pipette. The cells were fixed by resuspending them in 2.5% 
glutaraldehyde in sym-collidine buffer, pH 7.2 for 1 hour at 
room temperature. The cells were'recentrifuged at 2,000 rpm 
for 10 minutes and post-fixed in 1% osmium tetroxide in buffer 
at 4 OC. A drop of molten agar was then added to each centrifuge 
tube and the solidified pellet removed., rapidly dehydrated in a 
graded alcohol series and embedded in Araldite-Epon mix resin 
over two days. Sections were'cut on an LKB Mk III ultramicro- 
tome and viewed in an AEI Corinth microscope. 
4.4 Observations and Results 
Experiment 1 
The isolation of a virus from digestive gland homogenateý of 
Tellina tenuis by density gradient equilibrium (isopyknic) 
-centriiugation. 
The methods have been described in 4.3. a-d. 
I 
The effe ct of centrifuging 2 stock solutions, one washed in 0.4 
so dium deoxycholate and the other unwashed in the detergent was 
to produce bands of the type shown in Plate 154. The buoyant 
density of the lower band in tube A was 1.38 and the top band 
was 1.32. In tube B the lower band was also 1.38 and the top 
band was 1.30. Graphs of the refractive indices of the fractions 
examined against height in the tube are given in text Figure 10 
Electron microscopy'of negatively. stained preparations showed 
that the top band consisted exclusively of uniform rod-like 
particles that resemb1cd the striated rods seen in thin sections 
of the mycoplasma- like- -: )rganism (Plates 156 -8). The 
1% 
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dimensions of these rods were 150 nin to 200 nm in length and 
20-50 niq in width. The striations of the rods occasionally 
appeared to be caused by the intersections of twin helically 
coiled fibres forming the structure of the rods. 
The lower band was made up of densely staining particleS of the 
type shown in Plates 152 & 157. These had a buoyant density o; ' 
l.. 38 and this is consistent with- virus particles having DNA 
as their genome. The CsCl solution seemed to have a disruptive 
effect on these particles when compared with the results obtained 
from -similar experiments using sucrose-gradients. 
EXperiment 
The isolation of a virus from sucrose gradients. 
Repeated attempts to form repro*ducable bands in the sucrose 
gradients were unsuccessful. Nevertheless it was usually 
possib. le to find virus-like particles by resuspending the pellet 
that collected at the base of the tube after centrifuging for 
1 hour at'100,000 g. This experiment wa,. L, repeated using stock 
solutions prepared in each of the methods outlined in 4.3. j. 
Methods (i) , (ii) Uv) and (v) were discarded as either not 
giving reproducable results or not affect3. ng the outcome of the 
experiments. A simple method was evolved that enabled repeated 
separation of a virus from the digestive gland homogenate. 
Instead of preparing gradients as outlined in 4.3. b, 20% sucrose 
(w/v) was layered over 50% caesium chloride solution. The stock 
sample after initial clarification was spun through the sucrose 
at 100,000 g. An opalescent band was observed at the inter- 
face of the sucrose and caesium chloride solutions. This was 
removed by puncturing the side of the tube with a hypodermic needle 
and drawing off the'opalescent band (Plate 160. The sample 
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was stained wit. h. phosphotungstic acid, pli 7.2 and the results 
are illustrated by the electron micrographs (Plates 3.52 & 153). 
The particles have an estimated diameter of 55-60 nm and appeared 
to be spherical rather than hexagonal in outline. 
Experiment 3 
Observations on the morphology of a'virus isolated from tissue 
culture by Hill (1975) 
The virus used in this experiment was kindly supplied by Dr 
BJ Hill of the M. A. F. F. Fish Diseases Laboratory at Weymouth. 
Hill's virus was isolated in Blue fin fish tissue culture 
filtered from digestive gland homogenates prepared during the 
present study and known to conta-in virus particles-of the type 
illustrated in Plates 136-1141. These were believed at te time 
of these experiments to be the actiological, agent causing the 
lesions and necrotic foci in the digestive gland. It was 
subsequently realised that the lesions were produced by myco- 
plasma-like organisms which themselves contained virus particles 
(Plates 121 to 127) . 
Hill's virus (M) was stained by the following acid, neutral. 
and alýali stains and-examined on the Philips 301 electron 
microscope at the Regional Virus Laboratory, Ruchill Hospita15 
Glasgow, under the supervision of Dr CR Madeley. 
Uranyl ace-ta-l-e (3% pH 4.5) 
Potassium phosphotungstate (3% pH 7.0) 
Sodium silicotungstate (3% pH 9.0) 
The results are illustrated in Plates 136 to 141. 
These viruses were hexagonal in outline and appeared to have 
4 morphological units at the edge of,. each facet. The diameter 
ill , 
121 
was measured at 59-65 nm. 
Experiment 4 
The effects of two virus isolates on an Atlantic salmon tissue 
culture 
a) Cytopathic effects 
Of all six virus suspensions incubated in AS cells only the 
Weymouth isolate of TTV gave a recognizable CPE. A sui=G-Lry 
of the CPE observed for each replicate is giVen below. 
lst pass 2nd pass 3rd pass 4th pass 
1) Undiluted, unfiltered 
Weymouth TTV + + 
2) Filtered Weymouth TTV + + 
3) Diluted x 10, filtered 
Weymouth TTV + 
4) As above but freete- 
'thawed, 12*flasks All negative, cell sheet healthy 
5) Undiluted5 filtered 
St.. Andrews Con tamination , cell necrosis 
6) Diluted x 10, filtered 
ý 
St. Andrews No CFE, cell sheet healthy 
7) Diluted x 100, filtered 
St. Andrews No CPE, coil sheet healthy 
In the absence of a suitable assay technique such as plaque 
formation or a susceptible overlay the only method available to 
determine'the presence or absence of virus wasýelectron micro- 
scopy. Pellets from tissue culture show4ng CPE were examined 
by thin section electron microscopy and the presence of numerous 
polyh. edral hexagonal particles of approximately 60 nanometres 
was revealed (Plates 348 to 151). The particles were not 
found in cell. nuclei, nor as paracrystalline ar, -ays*but 
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-scattered throughout the cell cytoplasm. The results were 
closely similar to those of Moss and Gravell (1969) who 
investigated the ultrastructure and sequential development of 
IPN virus. 
The appearance of the CPE began with focal contraction of thc 
cells which was followed by progressive cytopathology. Two 
days after the onset of a CPE little remained of the cell sheet 
(Plates 142 to 147). 
Freeze-thawing appeared to destroy the infectivity of the virus. 
The Weymouth isolate that had been subjected to freezing at -70 
oc 
followed by thawing did not produce any visible effect on the 
monolayers of AS cells. 
b) Electron microscopy 
Plates 148 & 149 showed that the ridges of the crumpled 
convoluted nucleus were packed with condensed chromatin. The 
cell centre was occupicd by numerous smooth vesicles and elements 
of sinooth-endoplasmic reticulum togethe:, with vacuoles which 
appear to be coalescing (VA). Many appear to enclose 'Plugs' 
of cytoplasm. 
The Golgi apparatus had disappeared as a recognizable entity 
and the cisternae of the endoplasmic reticulum became flattened 
although certain segments were dilated. Dense bodies were 
considered to be acid-hydrolase-containing lysosomes or residual 
bodies. 
Ribosomes wereýdispersed as sub-units and polyribosome clusters 
were absent. 
Thecal formations of smooth membranes appeared to envelop plugs 
and peninsulas of cytoplasm. These ultimately became islands 
I 
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surrounded by membrane in autoplaiagic bodies. 
Multiple concentric membranes, resembling myelin (Nates 150,151), 
may have resulted from fusions of engulfed or invaginated 
membranous material during incorporation of virus into the cyto- 
plasm of these AS cells. A similar appearance was described by 
Godman (1963). 
4.5 Discussion 
Experiment 1 
The virus particles isolated by isopykn*ic centriffigation were 
of uniform size and shape. It was expected that it might be possible 
to isolate two viruses having (a)-the morphology of Hill's TV1 
isolate, and (b)', the saii', e size and 'shape as those seen in thin 
sections of the MLO (Plates 114-127). This was not possible. 
Only one type of particle could be found apart from those forming 
a distinctive band'of buoyant density 1.32 and having a uniform rod 
like structure (Plates 156 and 159). It does not seem likely that 
theýe particles correspond with the stclated rods seen in thin 
section (Plates 124 to 127) or that they are phage tails although 
it is conceivable that they might be. There is no evidence that 
the virus seen in thin I sections of the. digestive gland tissue is a 
describecl 
tailed phage. ) Cole (1976)X spherical viruses from mycoplasmas. He 
calls these phage-viruses. 
Ex, Reriment 2 
Su: )stantially the s; -P,. e rpsults were obtained wh6re sucro-se gradients 
were used. It was usuall y possible to obtain reproducable results 
by these methods. Again the particles were of only one size and 
shape (Plates 152 anet 153). No taile'd particles were seen. No 
particles, of the size azid shape as. those described as having been 
isolated from Tellina by-Iji'll were seen whether using sucrose or 
caesium chloride gradien-c- 
1214 
Experiment 3 
Observations on . the morphology of Hill's TV1 isolate suggest C. 
that there are two morphologically distinct viruses involved. 
The first can be isolated from digestive gland homogenates and 
corresponds with the morphology of the virus seen in thin sections 
in the MLO. This virus is presumed to be a phage. The second 
virus is b-xagonal in outline and has a diameter of 60-65 nm. 
There is a distinct impression of four morphological units at 
each facet edge. It is not clear whether these are . 
'holes' or 
capsomeric units. The appearance of these viruses is inter- 
mediate between adenoviruses with their clear cut icosahedral 
form having 252 capsomeres and size of. 65 nm and reoviruses 
having 92 morphological units and a diameter of 75 nm. 
Morphologically they most Closely resemble the infectious 
pancreatic necrosis (IPN) viruses described by Moss and Gravell, 
(1969). These viruses are of uncertain taxonomic affinities 
as theýe is some argument concerning the composition of the 
genome. Moss and Gravell, (1969) believe it to be double 
stranded RNA whereas Hill (1975) favours single strandedness 
based on metachromatic staining properties (red/orange) when 
t 
stained with acridine orange. 
The propertiep and partial characterization of M virus are 
described by Hill ('1975). Hill (1976 in press) described 4 
Tellina virus isolates-which he has designated TV1-4; 3 viruses 
from oysters and 2 isolates from winkles and limpcts (WV1 and 
LV1). A further isolate from the common shore crab Carcinus 
These appear to have very similar maenas is also mentioned. 
properties to M. Flillconcludes that a group of viruses 
exist in the marine environment that have very similar 
properties and morphology as the IP14 group. All can be 
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neutralized by polyvalent IPN antiserum. 
replication within the viruses respective 
although Hill has shown that Crassostrea- 
oyster) that had been exposed to a single 
culture grown virus (TV1) showed a progre 
of specific fluorescence in the digestive 
and that ultrathin sections of ýnoculated 
The site of 
hosts is not yet known 
gigas (the Pacific 
inoculum of tissue 
ssive increase in areas 
gland post inocula'Lion 
individuals revealed 
paracrystalline arrays of virus particles of the size and 
morphology of the virus associated with the MLO in Tellina 
although he did not specify whether these were secretory or 
absorptive cells. 
Experiment 4 
The virus induced abeyance of nuclear function (RNA and 
subsequently, DNA synthesis) is reflected in the very condensed 
chromatin and loss of turgor of the nucleus of the AS cells 
infected with TV1. The nucleus appeared to collapse and 
crumple. The disaggregation of polyribosomes was thought to 
be a visible reflection of the profound depression of cell 
protein synthesis by some product formed under viral direction. 
The cytopathogenicity of M closely resembled that described 
by Godman (1973) for Echovi. rus type 9 (Cocksackievirus A 25) in 
the cytoplasm of monkey kidney cells. 
These preliminary observations suggest that AS. cells are 
susccptible to TV1 but not to inoculi of filtered digestive 
gland homogenates from pcpulations of Tellina tenuis known to 
carry heavy infections*of the MLO containing virus MVT. Myco- 
plasma virus would not be expected to grow in tissue culture and 
so the absence of positive results is only to be expected if 
MVT is a phage. 
3.26 
4.6 Summary and conclusions 
The following table sets out the properties of the two 
viruses from Tellina tenuis. 
1) 
Hill's virus Mycoplasma virus 
(TV 1) (MVT) 
1) Can be propagated in AS Does not affect AS fibroblasts 
fibroblasts, BF cells. 
2) Has not been found in Can be visualized in digestive 
any digestive gland gland homogenates regularly 
homogenates by E. M. and repeatably 
3) Particles have a diam- Particles have a diameter 
eter of 60-65 nm. of 55-60 nin. 
4) Particles are hexagonal Particles are spherical in 
in outline outline 
5) Structural units appear Definite capsomeric substructure 
as holes rather than 
capsomeres 
6) Buoyant density unknown. Buoyant density of 1.38 
Thought to have single consistant with double strand-rd 
stranded RNA genome. DNA containing viruses 
7) Site of replication unknown Replicates within MLO 
It is concluded that two viruses exist in Tellina tenuis 
bne that is always'found in association with a mycoplasma-like 
organism, 'designated MVTj with the properties listed in the tab'Le 
above; and a second virus (TV1) with properties that suggest to 
Hill that it is probably a member of the IPN grou, ) but for which 
the site of replication is unknown. 
In view of the proven pathogeneity of the second virus( M) 
for the commercially important*epicuristic bivalve, Crassostrea 
gigas, it is obviously a matter of urgency to investigate the 
actiology of this new virus. 
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5. General Discussion 
During recent years a great deal o-f attention has been focussed 
on shallow, sandy bottom animal communities, This has been 
motivated by three principle factors, fivstly, the potential of 
these accessible areas of the sea bed for the artificial rearing 
of flatfish; secondly, the growing threat of marine pollution 
and lastly, the need for moie basic data on the structure of 
communities in'unpolluted coastal waters so that baselines 
I 
can be set as a reference against which the effects of pollution 
may be assessed. Much of the work in Scotland in this field 
has been coordinated by the Department of Agriculture and 
Fisheries for Scotland at their Marine Laboratory in Aberdeen. 
This has lead to an upsurge of interest in the biology of 
Tellina tenuis as this bivalve is the overwhelmingly dominant 
species on most clean, sheltered sandy, beaches around our coasts. 
--. Most of the published accounts of this biology deal with the 
8ýructure and distribution of populations, seasonal cycles 
in the growth and biochemical composition of individuals and 
The effects of predation by flatfish on growth and reproduction. 
There have been no studies on the effects of disease and para- 
sitization on the specie and it wee for this reason that the 
present study was undertaken. txtensive u*se of existing datA 
on the Tellina population at Kames Bay, Millport, has been made 
in this study and against this baseline it was found that there 
had been little change in the last fi., '.: ty yearo. Nevertheless$ 
underlying this basic stability the age composition of the 
population fluctuates wideiy. Whole year classes can disappear 
and recruitment has been known to fail three years in a row. 
It now seems possible that the factors of disease and parasitiz- 
ation, previousill., discounted as unimportant alongside environ- 
Tentsl influenopq: cnn-t-rib"te qi. gn-Lf i cant! y tn f Tuctilati 
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Sindermann's (1970) review of recent widespread epizootics 
and mortalities in marine fish and shellfish classifies pathogens 
I as primary or facultative. There is no evidence that cither 
the coccidia or the MLO described in the present study are as 
virulent as primary pathogens such as Aerococcus viridans which 
causes 11gaffkaemial in. lobsters, or the haplosporidan protozoan 
Minchinia nelsonii responsible for the widespread mortalities 
amongst oysters on the U. S. Atlantic coast (Farley, 1968). It 
seems more likely that the kO, and perhaps Hill's TV 1 virus, 
can i 
; be classified with the facultative pathogens such as vibrios 
pseudoMonadss aeromonads5 pasteurellas and viruses (Couchs 1974; 
Snieszkoý 1974; Farley et al., 1972). 
These facultative pathogens have attracted much attention 
because of the rapid upsurge of interest in mariculture. They 
are believed to attack weakened or. stressed individuals and 
have been observed to cause severe mortalizies in conditions of 
overcrouding poor water quality and tempe rature abnormalities - 
Most of the commercially exploited species are pelecypod molluscs 
such as oysters, clams and mussels. It seems likely, from 
observations made in this study, that Tellina, in the natural 
environment, can experience all the above conditions given a 
summer of high rainfall and low sunshine. If such a summer 
followed 2 or 3 years Of optimal conditiorts during which the 
population density had gradually built up, a situation could 
arise of overcrowding and consequent starvation. Add to this 
brackish water conditions and temperature fluctuations so that 
the animals are under severe physiological stresss then conditions 
are probably ripe for the rapid spread of a facultative pathogen 
such as the MLO is believed to be. The destruction of the 
secretory cells of the digestive gland faster than they can be 
replaced by the host will inevitably lead to starvation and deat),. 
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There have been many reports of oyster mortalities where it 
has not been possible to ascribe an aetiological agent. 
Examples of these are "Opening Disease" of Australian oysters 
which has caused losses of upt to 80% of the stock, 
"Matsushima Disease" in Japan and mortalities oflong Island 
, 
oyster spat. These are only three of the several examples 
cited by Korringa (1975) in a recent review of the problems 
of oyster farming. He mentions that most of these diseases 
have been attrfbuted to viral agents. Until Hill's (1975) 
report of the isolation of TV 1, there had been no reports 
. of virus isolation from any marine invertebrate but now we 
have grounds for optimism that mollusc viruses are amenable 
to culture in fish cell lines. We may now hold the key to 
at least some of the mysterious mortalities of unknown aetiology. 
Unfortunately, evidence of actual disease has' not yet been 
linked to Hill's isolation of a virus from Tellina tenuis. 
Apart from the observations of Hoffman et al. (1964) and Wolke 
et a! (1970) and Paperna (1976, pers comm. ) theie appear to 
be no records of intracellular bacteria from fish or shellfish. 
A report by Glude (1975) of intracellular inclusion bodies 
associated with mortalities of Pacific oysters (Humboldt Bay 
disease) is believed to be a stage in the life cycle of the 
amoeba Vahlkampfia. It seems likely that intracellular bacteria 
have been overlooked in the Search for pathogens owing to 
th- their cryptic and ref'ractory na-16-u-Ac. It would bc unrcasonablo 
to suppose that this. form of paras-A*. tization is unique to Tellina, 
indeed, the indications from recent observations are that this 
type of cytoplasmic inclusion body can be found iftlellina fabula 
Donax vittatus and Mytilus edulis. These observations have not 
yet been confirmed by electron microscopy. Further progress in 
thi. -. 1 ficld depcnds upon Alinding a mathod OL 
- culturin aa 
i io 
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causative organisms. Unfortunately$ intracellular bacteria 
are only amenable to culture in embryonated eggs or in cell 
monolayers. To date no molluscan cell lines are available and 
the temperature required for egg incubation appears to present 
an unsurmountable obstacle. 
Host-parasite relations 
Intracellular parasitism represents the ultimate in ecological 
specialization for nothing less than the intact living host 
cell satisfies the nutritional and environmental needs of the 
parasite. Perhaps the greatest problem posed to parasitologists 
is the nature of the relationship between the host and the 
parasite. Trager (1974) has suggested that the most exciting 
and challenging field in parasitology seems to be to discover 
how intracellular parasites induce one host to provide shelter 
but not a closely related species. We do not know how the 
invader escapes the host cell's digestive processes or yet how 
they gain entry to the host cells. It is felt that the most 
important result of the present study has been the discovery 
of Tellina tenuis as an animal approaching the ideal for future 
experimental studies in this field. Here we have an animal that 
exists in huge numbers between the tide levels and harbours a 
variety of intracellular parasites. Its small size enables it 
to be readily transported and maintained in aquaria. The 
animals survive well without feeding for 3-4 weeks in aerated 
tanks of seawater provided the temperature does not exceed 100C. 
The fact that Tellina tenuis is not a commercially or epicurist- 
ically valuable specie is unimportant as the answers to these 
questions on the nature of the host-parasite relations will be 
applicable to all living systems both verterbrate and invertebrate, 
plant and animal owing to the fundamental unity of living systems 
at the molecular level. 
I ko 
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The presence of large numbers of coccidian oocysts and tropho- 
zoites both in the kidney and the ovary of Tellina presents an 
opportunity to study the inflammatory response to these parasites. 
No definitive studies appear to have been conducted into how 
amoebocytes combat infection in natural diseases. Most of the 
work on this topic has dealt with the ingestion of all sorts of 
particulate matter injected into oysters mainly. Malek and Cheng 
(1974) have emphasized the need for more research in this area 
because of its fundamental importance in the field of applied 
malacology. 
Both Sprague (1971) and Sindermann (1975) have made urgent pleas 
for more basic research into diseases of marine organisms and 
emphasize that the agents of infectious disease, as well as 
physical and chemical pollutants, are important factors in any 
ecosystem. Biological factors have largely been neglected 
because of preoccupation with the problems of pollution ecology. 
They stress the need for gathering, 
_information about, 
the life 
history and ecology of disease agents so that vital information 
can be accumulated regarding the vulnerable stages and restrictive 
environmental, requirements such as salinity and temperature. 
Sprague stated that "... the basic problems (ofIdisease) are 
likely to be solved only by sustained and concentrated effort 
on the part of many specially trained people over a long period 
of time". 
Many and various were the parasites and symbionts encountered 
between the shells of Tellina during the course of these studies; 
such as the metacercarian. Cercaria strigata; the encysted cercaria 
of the echinostomatid Himasthla; a Dicyemid mesozoan of the ovary; 
numerous ciliated protozoa - mostly hymenostomes and hypotrichs; 
parasitic copepods and a species of Nematopsis,. Each represented 
a fascinating". -thesis problem on its own and it was hard to resist 
the temptation to turn aside into these rich fields. 
000000000 
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Appendix 
Protocol 'for the preparation of minimum essential medium (MEM) 
Earles BSS with non-essential amino acids and with 15% foetal 
bovine serum (Flow Laboratories Ltd. ) 
Before use, all stock reagents were dispensed into predetermined 
aliquot sizes suitable for media preparation. 
Storage of stock reagents 
Volume Store at Shelf life 
Earles BSS 100 ml 
Sodium Bicarbonate 10 ml 
MEM Amino Acids 10 ml 
Non-essential Amino 
Acids 5 ml 
MEM Vit 5 ml 
Penicillin/Streptomycin 10 ml 
Foetal Bovine Serum 5 ml 
Glutamine 5 ml 
Nedia preparation 
Room temperature 1 year 
Room temperature Indefinite 
4c1 year 
4 C year 
-20 C year 
-20 C year 
-20 C 1 ybar 
-20 C 1 year 
To eliminate the risk of cross contamination and to reduce 
preparation time procedures involving pipetting were avoided. 
This was done by dispensing reagents into suitable sized 
aliquots. 
The following quantities were used to make 1-litre of inedia': 
-1 
Sterile deioniz'ed water 830 II'l 
Earles BSS 100 ml 
MEM AA 20 ml 
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Appendix 
Cell Di. spersants 
Phosphate Buffered Saline 
NaCl 8.00 grams 
KH 2 PO 4 
0.20 grains 
KC1 0.20 grams 
NaH 2 PO 4 1.15 grams 
Distilled water to 11000 ml 
Dispense into 50 ml aliquots. 
Autoclave at 15 P. S. I. for 15 minutes. 
Store at room temperature. 
Shelf life at least one year. 
Phosphate Buffered Salin'e/ED, TA 
Disodium ethyl diamine tetra-acetic 
acid (1: 5,000 EDTA) 
otherwise as above. 
. Dispense 
into 10 ml and 20 ml aliquots. 
Autoclave at 15 P. S. I. for 15 minutes. 
Store at room temperature. 
Shelf life at least one year. 
Phosphate Buffered Saline/EDTA/Trypsin 
As Phosphate Buffered Saline/EDTA above. 
0.20 grams 
Dispense into 250 ml aliquots in 500 ml bottles. 
Autoclave at 15 P. S. I. for 15 minUL -CS 
Cool - add 10 ml 2.5%ý 1: 250, trypsin in saline. 
Check for sterility. Store at -20 degrees C. 
Shelf life one year. 
I 
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NE AA 
MEM Vit 
Sodium Bicarbonate 
Penicillin/Streptomycin 
10 ml 
10 ml 
20 ml 
20 ml 
(500 i. u. of each/ml) 
Media was divided into 44 ml aliquots and stored at 4 degrees 
C. Foetal bovine serum (15%) and glutamine were added just 
prior to use. 
A- 
Appendix 2. 
Karfles Bay, Millport Tellina -tenuis survey. Data collected during the 
months of April, JUly, October and Decenlyer, 1974 and January, 1975. 
The following abbreviati*ons have been used in presenting t1hese tables: - 
1. wh. vit. z whole weight 
Inth. = length of shell between the miterior cuid posterior x 
maximun. 
3. wdth. = width of shell from the unto at right angles to 2. 
4. thck. = thickness of shell with both valves firmly closed. 
5. wt. wt. = flesh wet vruight, mat removed from the shell , blotted 
both sides and weighed immdiately. 
6. sh. wt. = shell weight (both valves) 
7. dr. wt. = weight of M-at after drying at 80 
OC. for 3 weeks 
8. sex, either male (m), female M or neuterý ie-s undifferentiated 
The designdtion (sp) ýsignifies spent individuals. 
9. prsts. = presence or absence of the coccid'Lan parasite of the 
ovaries, ýIeroSystis tellinovum on a scale of 1 for very li&ht to 5, 
very heavy infect-ion. 
Weights are given in millig " and measurements without the decimal ram-. 
which should be inserted after the lst. digit to corTect to centimetres. 
16 ' 
Appendix 
Kames Bay Tellina Survey, 8 April 1974, Top of Beach 
lnth. wh. wt. wt. wt. sh. wt. dr. wt. sex prsts 
(1-5) 
. 
1.13 128 052 060 009 m 
139 308 081 170 - f 
138 255 087 114 015 m 
135 232 062 120 010 M. 
127 204 066 101 013 m 
139 237 070 139 014 m 
123 188 050 110 Oil m 
100 099 031 050 008 m 
101 084 032 043 010 f 2 
100 089 033 042 008 f 2 
186 636 227 295 033 m 
175 423 158 264 017 m 
181 470 172 267 021 m 
177 493 196 221 024 m 
167 470 161. 223 - f 5 
165 417 145 221 017 m 
168 450 165 201 019 m 
177 516 182 258 009 f 5 
1211 178 079 089 Oil f 2 
124 179 079 087 017 f 3 
173 480 144 256 014 f 3 
162 463 150 240 020 f 5 
133 141 060 081 016 m 
1149 402 227 115 014 m 
140 257 095 132 008 f 5 
iso 234 U189'. 135 016 f 5 
139 235 089 146 010 f 5 
130 188 076 096 013 f 5 
148* 306 099 150 f 4 
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Appendix 
Kames Bay Tellina Survey, 8 April 1974, Upper Middle Tellina 
- lnth. wh. wt. wt. wt. sh-wt. dr. wt. sex prsts 
(1-5) 
088 051. 019 129 f 2 
084 045 020 026 016 n 
151 299 109 164 009 f 3 
156 333 160 175 014 M, 
150 252 ill 140 013 m 
130 230 093 124 010 f 5 
135 167 070 100 013 f 4 
130 197 108 093 013 m 
077 039 014 022 001 n 
121 140 051 080 010 n 
135 205 096 095 001 m 
4 
Lower Middl. 1e Tellina, 8 April 1974 
170 500 183 258 027 m 
172 504 189 234 018 f 2 
190 823 249 430 030 f 2 
177 540 179 262 025 f 2 
ý72 520 179 261 021 f 3 
167 568 190 283 022 f 5 
162 381 146 180 - m 
156 411 156 217 020 f 5 
161 350 125 182 018 f 3 
139 245 101 102 015 f 3 
102 100 034 042 009 m 
091 072 032 033 007 n 
093 073 031 034 008 n 
104 103 046 050 008 f 2 
091 078 037 038 007 n 
075 045 015 028 008 n 
063 033 012 020 004 n 
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Kames Bay Tellina Survey, 8 April 1974 
Lower Middle Tellina continued 
lnth. wh. wt. wt. wt. sh. wt. dr. wt. sex prsts 
147 354 120 175 017 f 5 
148 324 137 162 017 m 
143 268 095 121 012 f 3 
122 164 066 074 009 n 
140 259 119 120 015 f 2 
146 322 139 147 020 f 3 
148 343 141 164 016 M- 
140 280 100 1140 014 f 3 
129 176 064 079 Oil f 31-heavy eggs 
139 296 090 150 010 f 2 
120 140 067 058 009 n - 
131 227 079 108 010 n - 
128 158 058 074 009 f 5 
Mean Low Water Springs, 8 April 1974 
201 620 247 363 n 
179 590 204 302 027 f 3 
174 626 219 311 f 3 
165 527 171 289 014 f 3 
163 402 147 205 020 f 2 
149 304 125 149 012 n 
155 403 162 195 021 f 
147 322 121 11: 4 017 f 
136 203 099 091 025 f 
130 191 089 085 013 f 3 
122 179 '080 . 
079 015 f 3 
139 256 104 102 009 f 3 
ill 1211 057 063 006 f 1 
141 267 118 121 008 f 2 
109 120 . 050 069 Oil f 3 
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Kames Bay Tellina Survey, 8 April 1974, Mean Low Water Springs 
lnth. wh. wt. wt. wt. sh. wt. dr. wt. sex prsts 
(1-5) 
127 155 066 080 012 n 
ill 130 066 060 009 n 
110 1.14 054 051 006 f2 
097 080 032 037 009 m 
102 080 038 - 042 004 m 
076 040 017 022 009 m 
108 109 049 051 009 m 
114 - 120 055 063 008 m 
120 137 058 070 007 m 
104 090 038 050 007 f ripe2 
100 080 036 043 010 m 
100 084 041 043 010 m- 
093 059 023 039 006 f1 
089 060 025 
. 
034 006 m- 
088 055 021 032 004 m 
k 
Cumulative Frequencies, April 1974 
200-181 2 2.08% 
180-161 19 19.79% 
160-141 16 16.66% 
140-121 29 30.21% 
120-101' 12. 12.50% 
100-081 13 13.54% 
080-061 4 4.16% 
060-041 0 - 
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Kames Bay Tellina Survey, 9 July 1974 
Second sample, Mean Lower Water Springs 
lnth. wh. wt. wt. wt. sh-wt. dr. wt. sex prsts 
(1-5) 
148 295 140 149 030 m 
iso 262 132 125 030 f 2 
161 310 1514 144 033 m 
161 315 139 145 037 m 
138 209 109 089 027 f 3 
iso 310 158 132 038 m 
128 177 078 080 021 f 3 
145 237 104 110 021 f 2 
122 170 052 070 015 f 2 
123 200 094. 070 021 f 2 
117 140 055 069 012 f 2 
130 200 044 102 020 m 
105 099 023 
. 
038 014 m 
104 101 025 046 010 m 
130 231 070 090 Oil m 
109 102 047 044 008 f 2 
130 211 090 100 Oil f 2 
100 079 038 038 014 f: 2 
103 079 038 041 028 f 2 
099 062 025 034 017 f 2 
110 110 047 050 010 m 
101 092 049 039 009 m 
099 068 030 036 004 f 2 
098 063 025 034 004 m 
108 074 039 039' 005 m 
080 044 - - - n 
163 020 - - - n 
054 Oil - - - n 
054 008 - - - n 
040 002 n 
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I 
Kames Bay Telling Survey,, 9 July 1974, Mean Low Water Springs 
Inth. wh. wt. wt. wt. sh. wt. dr. wt. sex prsts 
150 309 155 127 030 f 3 
140 252. 128 105 030 f 2 
134 202 109 077 033 f 1 
150 356 175 155 037 f 5 
150 349 148 150 027 f 3 
. 
134 254 137 099 038 f 3 
1110 310 149 129 021 m 
140 241 120 108 021 f sp 5 
130 219 107 099 015 fr 1 
141 293 114 ill 021 m 
140 239 ill ill 020 f 
127 140 071 056 010 f 5 
-107 114 055 048 012 m - 
110 123 0614 049 015 m 
150 296 140 129 034 m 
118 162 072 068 020 m 
128 246 121 079 025 m 
134 207 098 090 019 m 
112 136 061 059 Oil f 2 
110 108 048 050 010 f sp 2 
118 175 082 081 017 m 
102 108 049 046 010 m 
112 123 065 055 010 m 
124 088 102 065 015 m 
ill 134 076 054 018 m 
077 057 031 022 Oil m 
063 025 013 012 006 n 
072 033 013 018 004 n 
061 022 014 017 - n 
061 022 013 015 n 
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Kames Bay Tellina Survey, 9 July 1974, Top 
lnth. wh. wt. wt. wt. sh. wt. dr. wt. sex prsts 
(1-5) 
187 629 275 284 039 m 
182 607 231 309 036 m 
187 674 299 310 f 5 
148 295 142 136 f 1 
136 206 105 098 
110 113 050 055 008 f 2 
116 130 058 060 010 f 2 
100 093 041 - 007 f 3 
099 061 024' 030 - f 2 
083 040 022 020 n 
Upper Middle 
157 340 189 136 029 f r 2 
163 425 195 219 029 m sp 
167 053 250 205 034 f r 2 
151 262 144 112 024 f r 2 
138 212 115 087 016 f r 2 
138 259 140 105 019 f 2 
135 161 089 066 Oil f r 2 
095 079 040 037 004 f 2 
110 142 068 063 Oil M 
090 054 - 027 004 TI 
N. B. All females ver y ripe with light parasitization 
Cumulative frequency p ercentages 
200-181 4 4.49% 
180-161 10 11.24% 
160-141 16 17.97% 
140-121 22 24.72% 
120-101 18 20.22% 
100-081 S 10.10% 
080-061 6 6.74% 
060-041 4 4.49% 
I T, 
AT)T)ciidix 
Kames, Bay Telling Survey, 10 October 1974, Mean Low Water Sprinps 
lnth. wh-wt. wjL-. wt. sh. wt. dr. wIt. sex prsts (1-5) 
120. 157 060 100 014 n 
137 214 107 100 019 n 
135 225 068 129 n 
131 190 051 082 016 f 5 
127 ! 194 056 094 015 n 
143 295 082 1110 018 f sp 2 
140 252 075 129 017 n 
118 148 065 072 016 f r 1 
118 3-48 0140 066 013 f 5 
146 270 099 120 021 f r 2 
138 270 . 1-02 121 013 f r 2 
128 206 069 0914 009 m r 
119 180 050 086 007 n 
123 087 069 087 009 n sp 
131 201 067 091 009 f sp 5 
127 110 00-3 060 0011 n sp 
109 128 039 055 005 f so 2 
112 095 029 064 005 m 
104 109 030 048 005 f 2 
125 282 057 065 005 n 
110 119 030 051 0011 n 
ill 124 036 052 006 n 
084 065 015 029 025 f 5 
067 042 008 014 002 f 3 
080 
. 
057 Oil 125 002 n 
068 038 008 0114 002 
056 029 007 012 002 n 
050 023 006 010 002 
067 0? 4 
. 
008 Oil 085 n 
145 1611 045 112 050 n 
120 123 032 075 040 
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Kames Bay Telling, Survey, 10 October 19174, Top of Beach 
lnth. wh. wt. wt. wt. sh. wt. dr. wt. sex prsts 
(1-5) 
172 451 121 231 013 f 5 
163 503 106 300 011 n - 
141 298 071 168 
' 
007 f sp 2 
129 120 150 0 30 099 n - 
120 150 030 099 002 n - 
117 140 021 079 002 f sp 2 
105 105 026 074 003 n. 
127 129 0146 079 003 n 
080 045 008 030 003 n 
045 006 - - - n 
Upper Middle 
142 200 081 110 Oil f 3 
1.23 170 046 092 006 n 
156 - 365 105 . 177 018 f 5 
152 330 097 185 Oil f sp 5 
120 lsý 052 081 009 m sp - 
152 300 100 157 012 m sp - 
154 370 095 157 015 
149 300 099 163 016 n 
180 579 182 253 028 f 2 
141 320 090 166 017 n 
076 040 007 019 - n 
131 180 064 104 Oil n 
iso 360 104 200 013 n 
155 365 112 205 012 f sp 2 
123 128 047 058 009 f 2 
. 
118 146 050 065 009 f 2 
147 361 097 160 - 
143 280 086 155 012 
110 128 030 059 007 m sp 
127 209 066 092 010 f 
313 145 041 066 009 m sp 
156 614 1140 292 017 m sp 
141 280 080 140 013 n 
124 170 037 066 008 n 
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Kamcs Bay Tellina Survey, 10 October 1974ý Lower Middle 
lnth. wh. wt. wt. wt. sh. wt. dr. wt. sex prsts 
(1-5) 
124 163 048 085 015 n 
170 464 120 252 014 f sp 2 
149 326 104 174 012 f sp 2 
163 380 120 200 019 m 
ill 113 030 063 016 m r 
159 381 121 200 010 f r 2 
136 249 072 130 012 f 3 
154 365 124 180 004 m sp 
107 105 027 056 012 m sp 
145 309 097 179 009 m r 
147 324 085 163 005 m r 
116 247 048 079 007 m sp 
132 294 053 110 n 
057 020 - n 
047 010 n 
Percentage cumulative frequencies of length 
200-181 0 0 
180-161 6 6.8196 
160-141 24 27.2b% 
140-121 23 26.139o 
120-101 23 26.13% 
100-081 1 1.141o 
080-061' 4 4.54% 
060-041 6 6.81% 
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Kames Bay Telling Surveyý 23 December 1974ý Mid-beach5 Storm Tide 
wh. wt. lnth. wdth. thck. T, 7t. wt. sh. wt. dr. wt. sex prsts 
(1-5) 
515 167 126 046 iso '221 017 f 3 
785 193 136 050 254 365 030 f 3 
559 177 124 045 254 273 018 f 3 
462 183 118 040 118 244 013 m 
491 168 11 8 042 126 222 012 f 4 
231 142 101 . 046 
093 138 012 n 
689 183 136 047 189 350 017 n 
382 138 101 037 090 125 010 n 
37 9 150 105 052 088 120 010 - f 2 
118 111 076 025 033 046 060 m 
459 164 117 043 109 240 010 f 5 
394 157 116 036 093 194 010 f 2 
494 162 119 039 121 211 010 m 
291 145 101 034 065 138 008 f 2 
579 187 131 040 127 279 Oil m 
412 158 1.17 040 100 206 009 f 5 
149 3-13 07'1 029 055 064 009 m 
5118 178 125 040 144 264 017 f 2 
522 172 1.11-11 041 136 232 022 f 5 
333 152 2-09 037 105 150 012 f 5 
127 ill 087 025 041 053 - f 4 
476 165 lC8 042 100 231 012 f 3 
226 132 094 032 070 098 015 m 
292 134 080 028 059 087 009 m 
211 130 4362 031 059 094 018 
149 125 086 027 029 066 005 f 0 
133 113 082 027 046 062 - f 0 
132* 118 083 025 044 062 008 n 
107 106 072 026 038 054 016 n 
116' 137 091 030 070 078 010 n 
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Kames Bay Tellina Survey, 23 December 1974, Storm Tide 
wh. wt. lnth. wdth. thck. wt. wt. sh. wt. dr. wt. sex prsts 
(1-5) 
275 145 099 031 073 099 n 
0076 093 062 021 024 
. 
047 f 3 
ill 106 071 027 033 059 009 n 
151 121 080 027 045 073 010 m 
099 102 070 026 031 048 008 n 
094 110 072 027 038 050 010 f 2 
238 127 094 032 078 112 Oil n 
298 144 100 035 077 144 010 f 3 
209 137 090 031 055 099 010 f 5 
173 122 082 030 050 094 009 f 4 
300 147 100 033 089 139 012 n 
191 120 083 030 069 090 010 f 1 
186 127 086 030 051 088 010 n 
199 130 093 031 069 091 010 f 5 
181 125 087 030 049 086 009 n 
120 113 081 027 044 057 009 n 
057 087 060 020 018 029 004 n 
168 121 082 028 057 077 010 f 5 
139 115 077 028 045 069 - f 0 
123 106 077 027 045 060 - f 1 
108 104 072 025 042 051 019 n 
166 126 075 -028 051 080 006 f 5 
149 119 080 027 046 064 006 f 4 
144 117 079 027 051 062 008 n 
062 091 061 020 022 031 009 n 
119 110 0"113 026 047 052 010 n 
197 130 091 032 053 094 004 n 
139 119 077 027 051 0159 - n 
160. 120 083 030 057- 070 010 f 1 
155 127 085 038 059 077 Oil -P 4 
I 
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Kames Bay Tellina Survey, 23 December 1974 
1 
wh. wt. lnth. wdth. thck. wt. wt. sh. wt. dr. wt. sex prsts 
318 140 100 375 090 140 
393 145 096 375 105 
. 
129 f 4 
160 175 083 275 061 060 n 
157 125 083 280 037 075 007 m 
223 132 951 325 063 105 010 n 
082 101 068 230 oil[ 037 005 n 
155 127 085 029 050 081 010 n 
259 142 100 031 065 118 - f 2 
300 140 100 035 085 158 Oil f 2 
209 146 095 030 068 088 010 f 2 
117 100 074 023 032 052 - f 5 
311 150 107 035 083 148 010 f 4 
120 ill, 078 023 035 056 006 n 
161 120 087 028 043 084 009 n 
103 107 070 024 035 051 009 n 
113 108 080 025 038 057 009 n 
400 165 115 039 109 208 019 f 5 
264 140 975 033 063 137 010 m 
283 149 100 034 078 131 Oil f 3 
279 145 095 034 079 123 013 f 2 
227 142 091 029 070 110 013 f 
441 156 J. 15 - 040 117 213 014 
123 109 074 023 040 051 008 n 
360 150 105 038 090 177 Oil f 
119 112 075 025 042 154 008 n 
304 142 099 035 070 142 010 f 5 
338 156 107 036 . 099 161 
016 f 4 
241 139 080 031 097 119 020 f 4 
230. 131 090 031 055 123 010 n 
295 146 097 033 090. 135 ols n 
185 120 084 029 055 077 016 n 
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Kames Bay Tellina Survey, 23 December 1974 
wh. wt. lnth. wdth. thck. wt. wt. sh-wt. dr. wt. sex prsts 
112 ill 077 025 03.1 054 012 n - 
705 193 137 047 287 337 021 f 4 
489 170 123 039 142 228 017 f 3 
267 142 099 032 080 124 010 m - 
282 135 098 030 080 119 010 m 
445 162 137 039 130 225 017 m - 
304 149 106 034 187 145 010 f 3 
506 172 122 041 149 247 018 n - 
168 120 083 025 054 084 009 n - 
275 1143 099 033 088 134 Oil n - 
339 155 113 035 088 134 Oil n - 
326 150 107 037 110 222 01.4 n - 
151 120 083 027 047 069 007 n - 
369 155 112 036 102 182 01.1 n - 
439 162 115 040 129 222 019 n - 
509 170 124 090 147 253 014 n - 
237 135 094 032 063 108 009 f 2 
318 150 104 033 091 143 Oil n - 
361 196 108 037 099 159 006 n 
327 148 105 035 056 151 010 m 
355 155 107 038 100 157 004 m 
335 149 110 036 080 158 009 m 
139 115 079 025 042 064 009 m - 
333 149 108 035 084 164 009 f 2* 
382 160 114 038 092 189 Oil m - 
325 147 104 037 
. 
080 159 009 m - 
333 152 105 035 095 154 Oil 
230 129 087 031 084 093 015 f 2 
225 146 102 032 078 140 - f 2 
309 1N5 107 036 081 161 010 
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Kames Bay Tellina Survey, 23 December 1974 
wh. wt. lnth. wdth. thck. wt. wt. sh. wt. dr. wt. sex prsts 
(1-5) 
250 147 100 035 100 115 018 f 5 
352 1! -15 109 037 104 183 020 n 
140 112 079 027 049 068 009 n 
210 139 090 030 085 116 Oil n 
256 140 093 034 073 133 010 n 
279 139, 097 033 080 136 010 n 
173 120 082 028 058 087 010 f 3 
154 118 084 027 040 080 009 n 
150 114 080 027 045 064 009 f 5 
099 100 069 025 033 044 009 n 
180 120 078 029 054 064 015 n 
156 __ 115 080 027 041 072 010 n 
205 142 o(O 030 057 110 009 f 2 
225 132 091 031 079 112 012 m 
157 118 077 - 037 078 - 
140 112 076 027 047 054 Oil n 
172 122 080 028 051 082 008 n 
181 127 089 030 061 087 010 f 3 
218 146 085 033 073 ill 012 f 3 
139 170 081 028 059 070 010 f 2 
250 147 084 032 080 119 012 f 3- 
129 115 079 027 049 065 010 n 
220 146 086 031 065 118 010 f 3 
208 142 085 031 070 110 010 f 2 
148 128 078 026 050 076 010 n 
200 137 080 030 059 104 010 f 3 
142 117 077 028 061 069 Oil m 
120 110 075 026 039 064 008 n 
113 105 071 025 038 057 020 
211 130 087 031 085 084 013 
118 114 077 024 b40 055 0114 f 5 
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Kames Bay Tellina S'urvey, 23 December 19711ý Storm Tide - Total 
wh. wt. lnth. wdth. thck. wt. wt. sh. wt. dr. wt. sex prsts 
130 115 077 027 050 063 009 n - 
144 114 079 027 04.1 070 009 f 5 
095 102 070 022 036 049 009 m - 
122 110 076 027 039 058 008 f 3 
117 ill 077 025 040 058 008 f 0 
115 105 073 027 040 052 008 f 0 
104 107 070 025 041 044 007 n 
127 118 077 027 051 059 009 n 
065 092 060 022 020' 033 010 n - 
104 107 073 025 039 049 0.05 f 2 
Cumulative Frequencies 
ft 
181+ 3 1.96% 
161-180 14 9.15% 
141-160 45 29.41% 
121-140 35 22.87% 
101-120 42 27.45% 
081-100 3 1.96% 
061-080 10 6.54% 
041-060 1 0.65% 
021-040 - - 
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Kames Bay Tellina Survey, 24 January 1975, Mean Low Water Springs 
lnth. wh. wt. wt. wt. sh. wt. dr. wt. sex prsts 
(1-5) 
181 657 178 348 019 f 5 
147 328 119 153 014 m r - 
174 480 149 250 016 n - 
173 520 164 268 016 f 5 
173 530 208 250 019 f 4 
174 518 169 247 019 n - 
143 250 096 110 Oil m r - 
163 466 150 240 017 f sp 2 
139 190 077 088 010 f r F) 
144 249 106 115 Oil f vr 5 
128 205 100 090 
127 177 061 081 - f sp 3 
100 091 033 042 - 
123 189 067 090 - m sp - 
135 215 072 100 - f sp 5 
167 505 138 259 015 m f - 
152 395 130 210 014 m sp - 
150 3'20 127 146 015 f sp 4 
120 169 056 086 007 f sp 4 
100 100 025 050 004 f sp 5 
150 301 102 144 015 m sp - 
133 208 059 103 008 n - 
163 351 106 163 018 m sp - 
149 332 105 158 014 f sp 5 
124 132 033 064 006 14 sp - 
116 143 039 067 012 f sp 2 
130 294 070 099 009* f sp 
058 017 - - 016 , n 
046 010 005 003 009* n 
1.02 092 030 048 003 f r 5 
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I Kames Bay Tellina Surveyý 24 January 1975, Lower Middle 
lnth. wh. wt. wt. wt. sh. wt. dr. wt. sex prsts 
(1-51, 
223 186 387 606 f 3 
180 718 223 370 018 m 
188 723 220 400 023 in 
169 457 178 240 017 m 
193 Bil 250 484 020 n 
180, 514 203 233 022 In 
179 640 216 332 026 n 
174 560 229 260 020 n 
179 646 196 350 024 n 
170 623 160 329 025 n 
171 512 169 239 015 f 3 
165 3B9 135 184 014 f 5 
145 287 114 136 013 m 
172 493 188 227 025 m 
196 855 300 391 - f 2 
147 350 149 153 021 In 
142 290 106 143 010 IrL r 
106 101 0112) 057 005 n 
088 064 029 034 003 n 
136 ý227 088 115 008 mr 
136 211 098 105 - fr 5 
113 122 055 06S - fr 5 
096 094 050 047 005 n 
094 078 026 048 004 n 
082 
ý050 
030 029 003 n 
085 060 0 12 1 033 003 n 
086 060 Oil 039 003 n 
080 009 028 - n 
080 045 007 020 n 
-9 
182 
Appendix 
Kames Bay Tellina Survey, 24 January 1975, Top of Beach 
Inth. wh. wt. wt. wt. sh. wt. dr. wt. sex prsts 
(1-5) 
170 578 ý40 296 n 
173 525 253 238 n 
161 532 200 211 f sp 2 
174 545 153 280 n 
126 196 064 106 n 
097 087. 017 054 n 
104 101 040 080 n 
096 074 017 047 n 
113 135 040 089 f5 
043 009 - - n 
Upper Middle 
179 469 165 224 024 m 
197 926 288 496 026 f sp 2 
171 500 179 226 018 n 
177 587 160 302 020 f 
160 419 100 234 012 n 
123 167 062 086 008 f 5 
123 181 040 094 009 M 
123 174 052 097 007 f 3 
105 103 037 055 005 n 
100 099 036 054 004 
056 017 - - - n 
Percentage cumulative frequencies of length 
220-201 0 0 
200-181 1 1.25 
180-161 21 26.25*o 
160-141 10 12.50% 
140-121 17 21.25*6 
120-101 12 15.00% 
100-081 10 12.50% 
080-061. 6 7.50% 
060-041 3 3.75% 
040-021 1 1.25*6 
183 
Appendix 3. 
Protocol for the staining of sections with phloxine and 
tatrazine to show the presence of viral inclusion bodies. 
T 
Inclusions showed magenta to red; nuclei - blue; connective 
tissue - yellow. 
a) Sections were cut on a BRIGHT cryostat and fixed for 5 
minutes in Wolmans aqueous aldohol Lixative. 
b) Hydration was achieved by passing sections through 80%, 
70% and 50% alcohol for 10 seconds each and rinsing in distilled 
water. 
c) Sections were stained in 3% potassium dichromate for 30 
minutes and then rinsed in distilled water 
Sertions were then stained in phloxine in M 10 calcium 
chloride for a further 30 minutes and rinsed in distilled water 
e) Sections were treated with cellosolve for 30 seconds and 
transferred to tartrazine in cellosove Ust. Solution) for 5 
n, inutes. 
f) After-rinsing sections were treated in haemalum for 30 
seconds and rinsed again 
g) Sections were ? blued' in Scott's tap water substitute5 rinsed 
and returned to cellosolve for a further 30 seconds. 
h) Finally, sections weve treated with tartrazine in cellosolves 
washed and mounted in D. %-. M. 
184 
Appendix 
Acridine Orange staining for-RNA (fluoresces red) and DNA 
(fluoresces green) 
a) Sections were cut on a BRIGHT cryostat at 8 un, and 
fixed for b minutes in Wolman's aqueous alcohol fixative. 
b) The sections were hydrated by passing them through 
80%5 70% and 501 alcohol for 10 seconds in each bath and 2 
finally rinsed in distilled water 
c) Sections were treated with 1% acetic acid for G seconds 
followed by 2 changes of distilled water 
d) Sections were stained in 0.1% acridine orange for 3 
minutes 
e) Sections were washed in M 15 S'orensens phosphate buffer 
pH 6 for 1 minute 
f) Sections were differentiated in M 10 calcium chloride 
for 30 seconds 
g) Finally, the sections were mounted pH 6 phosphate buffer and 
examined under fluorescence optics in a Leitz Orthoplan light 
microscope 
